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BBEJEHHUE

B meromuueckmx — yKazaHMSX ~ COJEpXKATCS — MaTepHasibl, HEOOXOAUMBIC IS
CaMOCTOSITENTFHOM TOJTOTOBKU CTYJCHTOB K BBIMOJHEHHIO J1a00paTOpHBIX paboT. B omucanwme
a0OpaTOPHBIX PpabOT BKIIOUYEHBI II€JIb pPa0OTHI, TOPAIOK €€ BBITIOJHCHUS, PACCMOTPEHBI
TEOPETUYECKUE BOIPOCHI, CBS3aHHBIE C pPEANM3ALMENd TOCTABJICHHBIX 3aJad, NPUBEICHA
HeoOXoauMast TUTeparTypa.

Meroanueckue yKa3aHUs TMOCBALIEHbI Kypcy «MHCTpyMeHTanbHbIE CpEICTBa B
WH)XEHEPHBIX pacdeTax». MoaennpoBaHue WHKEHEPHBIX PACUETOB — 3aMEIICHUE MCCIIEAYEMOTO
o0BeKTa (OpUTrHHAA) ero yCIOBHBIM 00pa3oM, OMMCAHUEM WMITU JPYTHM OOBEKTOM (MOJAEINBIO) U
MO3HAaHUE CBOMCTB OPUTHHAJA ITyTEM UCCIICIOBAHUS CBOMCTB MO/IETIH.

C MozensaMH U MOJEIMPOBAHUEM MBI CTAJIKHWBAEMCSl B Halllel JKU3HU KaXXIbld JIeHb. B
JETCTBE peOEHKAa OKPYXKAIOT WTPYIIKM — MAIIWHKH, KyKIbl, KyOMKM W T.Jd. - MOJEIH,
MOBTOPSIOIINE OTICIbHBIE CBOWCTBA peajbHO CYIIECTBYIONIMX TMpeaMeToB. Urpas, peOGeHok
MoJTyJaeT Ba)XKHBbIC 3HAHMUSA O HHUX. B Tpoliecce MBINIICHUS YEJIOBEK OIMepupyeT olOpazamu
OOBEKTOB  OKPYXAIOMIETO MHUpPA, KOTOpbIE SBISIOTCS PA3HOBUAHOCTSIMH  MoJeler —
KOTHUTUBHBIMU (MBICJICHHBIMH) MOJICTISIMA. B IIIMPOKOM CMBICIIE MPOM3BEICHUS KUBOIHUCH,
CKYJIBIITYPBI U TUTEPATYPBl MOXKHO TAK)KE CUUTATH MOJICTISIMU peaTbHBIX OOBEKTOB.

PeanpHas monb3a OT MOACIUPOBAHUS MOXKET OBITh MOJy4Y€HA TPHU BBITIOJHEHUU JBYX
TJIABHBIX YCIIOBUMA:

- MOJIeJTb JTOJDKHA OBITh aJIeKBAaTHOW OpWTMHATYy B TOM CMBICIE, YTO JOJKHA C
JOCTaTOYHOM TOYHOCTHIO OTOOpa)xkaTh HMHTEPECYIONIME HCCIEIOBATENsl XapaKTePUCTHKU
OpHUTMHAIIA;

- MOJIeNTb JIOJDKHA YCTPAHATh MPOOJIEMBI, CBA3aHHbBIE ¢ (PU3MYECKUM HU3MEPEHUEM KaKHX-
TO CUTHAJIOB WY XapaKTePUCTUK OPUTUHATA.

Yacto B CHCTEMHOM aHAJIW3€ IMPU MOJEIBHOM MOJIXOAE MCCIEAOBAHUS MOXKET
COBEPINATHCS OJTHA METOAMYECKasi OMKOKa, a UMEHHO, - IIOCTPOCHUE KOPPEKTHHIX U aJCKBATHBIX
Mozenen (moaMojieneil) MOJCUCTEM CHUCTEMbl M UX JIOTMUECKHM KOPpPEKTHas yBs3Ka HE JaeT
rapaHTU KOPPEKTHOCTH MTOCTPOECHHOM TaKUM CITOCOOOM MOJIENIA BCEH CHCTEMBI.

Mopnenb, mocTpoeHHass 0e3 ydera CBsi3ed CHCTEMBI CO CpeIOd, MOXKET CIYKUTh
MOATBEPKJICHUEM TEOpeMbl ['enensi, a TouHee, ee CIEeICTBUSA, YTBEPKIAIOIIET0, YTO B CIOKHOU
M30JIMPOBAHHOM CHCTEME MOT'YT CYLIECTBOBATh UCTUHBI U BBIBObI, KOPPEKTHBIE B 3TOM CUCTEME
Y HEKOPPEKTHHIE BHE €€.

Hayka moaenupoBaHMsi COCTOMT B pa3leieHHHM MpOoLEecca MOACIUPOBAHUS (CUCTEMBI,
MOJIeNIM) Ha dTambl (MOJACUCTEMBI, IOAMOJENHN), ACTAIBHOM H3YYCHHH KaXJOro JTama,
B3aMMOOTHOIIICHUH, CBSI3€H, OTHOIICHUN MEXIy HUMHU U 3aTeM 3()PEKTUBHOTO OMUCAHUS UX C
MaKCHUMaJIbHO BO3MOYKHOU CTEMEHBI0 (hOpMaTTU3aIK U aICKBATHOCTH.

B cnyuae HapymeHuss 3THX MNpaBWI TOJy4aeM HE MOJEIb CHUCTEMBbI, a MOJEIb
"COOCTBEHHBIX U HEMOIHBIX 3HAHMIA".

MonenupoBaHue paccMaTpuBaeTcs, Kak ocodasi hopMa IKCIIEPUMEHTa, YKCIIEPUMEHTa He
HaJ| CaMHUM OPHUTHHAJIOM, T.€. TMPOCTBHIM WJIM OOBIYHBIM JKCIIEPUMEHTOM, a HaJ KOIHEeH
OpuTHHaja. 37eCh BayK€H N30MOP(PU3M CUCTEM OPUTHHAIBHON M MOJCIBHOM.

1. HEJb U 3AJJAYU U3YUYEHUSA JUCLHUITJIMHBI

Lenpio ocBOCHMS AMCHUUIUIMHBI SIBISETCS (OpMHUpOBaHUE Habopa MpodecCHOHATBHBIX
KOMITeTeHIIn Oyaymero OakamaBpa nmo HampaieHnto 09.03.02 MapopManmoHHbIE CUCTEMBI U
TEXHOJIOTHH.

33}1&'—11/1 OCBOCHHA NUCHHUILUIMHBL: U3YYCHUE MHCTPYMCHTAJIbHBIX CPCACTB B MHKXCHCPHBIX
pacuerax, OCBOCHHE UHCTPYMEHTAJIBHBIX CPEACTB B MHKEHEPHBIX pacyeTax.



2. OBOPYJIOBAHUME U MATEPHAJIbBI

ATmapaTtHbIe CpeICTBa: MMEPCOHATBHBIN KOMITBIOTED;

[Iporpammusie cpeactea: OC MS Windows; MS Visual Studio, MS Office.

VYuebHblii kiacc ocHameH IBM-coBMmecTHMBIME KOMMBIOTEpaMHU, OOBEAMHEHHBIMH B
JIOKaJIbHYIO0 ceTh. JIokalbHas ceTh YyueOHOTo Kilacca MMeeT MOCTOSIHHBIN JOCTyM K ceTu Internet
Mo BbIACNEHHON nuHUH. [ mpoBeaeHUs 1abOpaTOPHBIX PabOT HEOOXOIUMO CIICTYIOIIEe
nmporpaMMHoe obecrieueHue: oneparponHas cucreMa MS Windows, makeT oUCHBIX MPOrpaMm
MS Office, maker MS Visual Studio.

3. YKA3ZAHUAA 110 TEXHUKE BE3OITACHOCTH

[lepen wnayamoMm pabOTHI cleayeT YOEOUTHbCS B HCHPABHOCTH DIIEKTPOIPOBOIKH,
BBIKJIOYATEJIeH, IITENCeNbHbIX PO3ETOK, NMPH MOMOIIM KOTOPBIX 000pYy/OBaHHE BKIIOYACTCS B
CEeTh, HAIMYUH 3a3eMJICHUSI KOMITBIOTEPA, €T0 pabOTOCITOCOOHOCTH.

Jis CHMKEHUS WM TPeJOTBpAIllCHHs BIMSHUS OINACHBIX M BpeIHBIX (DakTOpoB
HEOOXOMMO COONIONIaTh CAaHWTApHBIC MpaBHJIa W HOPMBI, THTHCHHYECKHE TpeOOBaHUS K
MEPCOHAIBHBIM 3JIEKTPOHHO-BBIUUCINTEFHBIM MAITHHAM.

Bo wu30exaHne MOBpPEXKICHHUS W30JSIMA TMPOBOJOB M BO3HUKHOBEHHS KOPOTKHX
3aMBIKaHU{ HE pa3pelaeTcs: BellaTh 4TO-TM00 Ha MPOBOA, 3aKpaIllMBaTh M OCIUTH IIHYPHl U
MPOBOJIA, 3aKJIA/IbIBAaTh MPOBOJA W IHYPHI 32 Ta30BBIE M BOJOMPOBOIHBIC TPyOBI, 3a OaTapew
OTONHUTENILHOW CHUCTEMBbI, BBIIEPTUBATh ILUTENCENbHYI0 BWIKY W3 PO3ETKU 3a IIHYp, YCHUIIHE
TOJDKHO OBITH MPHIIOKEHO K KOPITYCY BHIIKH.

JUI MCKITFOUEHUS] OPayKeHHsI AIIEKTPUYECKUM TOKOM 3alpellaeTcs: 4acTo BKIIOYATh U
BBIKJIIOYATh KOMITBIOTEp 0€3 He0OXOAMMOCTH, MPUKACAThCs K AKPaHy M K THUTBHOH CTOpPOHE
OJIOKOB KOMIIbIOTEpa, PabOTaTh Ha CPEACTBAX BBIUMCIUTENBHOW TEXHUKH M mepudepuitHoM
00OpYZIOBaHUM MOKPBIMH pyKaMH, paboTaTh Ha CpPEICTBAaX BBIYHACIUTEIEHOW TEXHUKU H
nepudepuitHoM 00OpYJIOBaHWHU, HMMEIOUIMX HAPYLIEHUs HEJIOCTHOCTH KOpIyca, HapyIICHUsS
W30JISIIUM  TPOBOJIOB, HEWCTIPAaBHYIO WHAMKALMIO BKIIOYCHUS THTaHUS, C TpU3HAKaMU
AJIEKTPUYECKOTO HAMpPSIKEHUsI Ha KOPIyCe, KJIACThb Ha CPEJCTBA BBIYUCIUTEILHOW TEXHUKU U
nepudepuitHoM 060pyJOBaHUU TOCTOPOHHHUE MPEAMETHI.

3ampeniaercss  1OJ  HANpsDKEHHMEM — OYMINATh  OT  TBUIM W 3arps3HEHHA
AIEKTPOOOOPYTOBAHHE.

Bo  wusbexxanue  mOpaKeHHs ~ DJICKTPUYECKUM  TOKOM, IpH  TOJIBb30BaHUM
ANIEKTpONpUOOpaMH HEJb3s KacaTbCsi OJHOBPEMEHHO KaKUX-TMOO TpyOOmpoBOAOB, Oartapeii
OTOIIJICHUSI, METAINTNYECKUX KOHCTPYKIUH, COeIMHEHHBIX C 3eMJICH.

[Tocne oxonuyanus pabOTHI HEOOXOIMMO OOECTOUNUTH BCE CPEICTBA BBIYMCIHTEIBHOM
TEXHUKH U mepudepuiinHoe obopyroBaHue. B ciydae HempepbIBHOrO ydeOHOro mpoliecca
HE00X0IUMO OCTaBUTh BKIIOUEHHBIMH TOJIBKO HE00X0IMMOE 000pyJ0BaHHE.

4. HAUMEHOBAHMUE JIABOPATOPHBIX PABOT

No Tewmsl | HammeHoBaHME TEM JUCHMIUIMHBI, X KPAaTKOE COAEPKaHUE Oo0vem | U3 HUX

JUCIUTLIT 4acoB | MpPaKTUYeEC

WHBI Kas
MOJrOTOBKA
, 4aCOB

4 cemecTp

1 Tema 1. ABTOMaTH3aIMsI UH)KEHEPHBIX PACUETOB 4 4

2 Tema 2. MoaenupoBaHue B HHKEHEPHBIX PaCUE€TOB 4 4

3 Tema 3. OOpaOoTKa JaHHBIX B MHXKEHEPHBIX pacyeTax 4 4




4 Tema 4. Buzyanuzanys HHXEHEPHBIX PaCUETOB 4 4
5 Tema 5. UadpacTpykTypa HHKEHEPHBIX PacYeTOB 4 4
6 Tema 6. [IporpaMMHbIe TaKEThl HHKEHEPHBIX PACUETOB 4 4
7 Tema 7. ABTOMaTH3a1Msl MATEMATUYECKUX BBIYMCICHUI 4 4
8 Tema 8. JluarpamMMHbIE€ TEXHUKHU 4 4
Hroro 3a 4 cemectp 32 32
Htoro 32 32

5. COAEPKAHUE JIABOPATOPHBIX PABOT

JlabopaTtopHasi padota 1. ABTOMAaTH3alMs HHKEHEPHBIX PACYETOB
Leapb padoThi: U3y4eHNE HHCTPYMEHTOB MAaTEMATHUECKOTO MOJICTTUPOBAHHUSL.
OcHoBBI TECOPHUH

HHocTpoenune moxenun

Moenb U MOJETUPOBAaHHE - YHUBEPCAIBHBIC MOHITHS, aTPUOYTHI OJJHOTO U3 HamOoJee
MOIIHBIX METOJOB TMO3HaHUs B JI000H mpodeccnoHambHOM 001acTH, TMO3HAHUS CHUCTEMBI,
nporecca, sIBJICHUS.

Bun mMomenum u Meronmbl ee HccielNOBaHUS OOJbIlle 3aBUCAT OT HMH(DOPMAIMOHHO -
JIOTUYECKHUX CBS3€H AJIEMEHTOB M IOJCHCTEM MOJEIHUPYEMON CHCTEMBI, PECYPCOB, CBSI3€H C
OKpYXEHHEM, a He OT KOHKPETHOT'O HATIOJTHEHHS CHCTEMBI.

MonenbHbll CTUIIb MBIIIJIEHHS TO3BOJIIET BHUKATh B CTPYKTYPY M BHYTPEHHIOIO JIOTHKY
MOJIETTUPYEMOI CUCTEMBI.

[Toctpoenne Monmenu - cUCTEeMHas 3agada, TpeOyromias aHajiu3a M CHHTE3a HCXOTHBIX
JaHHBIX, TUIIOTE3, TEOpUH, 3HAHHUK creruanucToB. CHCTEMHBIN MOAXO] MO3BOJSET HE TOJIBKO
MIOCTPOUTH MOJIEIb PEAJILHOM CUCTEMBI, HO M UCII0JIb30BATh 3Ty MOJEIb Ul OLEHKHU (Hampumep,
3¢ (HEeKTUBHOCTH YIIpaBICHUS WIH (PYHKIIMOHUPOBAHUS) CUCTEMBI.

Mogensb - 3T0 00BEKT WIH ONHCaHue 00BEKTa, CUCTEMBI IS 3aMEIICHUST OTHOW CUCTEMBI
(opuruHana) Apyrol CUCTEMOW M JydlIero W3y4eHHsl OpUTHMHAlla WM BOCIPOU3BEACHUS
KaKHX-J1100 €ro CBOMCTB.

Hampumep, orobpaxkast pu3n4ecKkyto cCUCTEMy Ha MaTEMaTHUYECKYIO0 CUCTEMY, MOIyUYrUM
MaTeMaTHYECKYI0 MOJelb (hru3ndeckoi cuctemsl. JIrobast MOJeNb CTPOUTCS U MCCIEeLyeTCsl TIPU
OTpeAeNeHHBIX TOMYIIEHHUIX, THIIOTEe3aX.

[Ipumep.  Paccmorpum (u3nyecKkyro CHUCTEMY: TE€JIO Maccol m CKaTbIBaeTcs IO
HAKJIOHHOM MJIOCKOCTHU C YCKOPEHHEM a, Ha KOTOpoe Bo3AeicTByeT cuna F.

Uccnenys takue cuctemsl, Hpl0TOH mosyunin MaremaTHueckoe cooTHouenue: F = m*a.
OT1o (u3MKO-MaTeMaTHUeCKass MOJETh CHUCTEMBbl WJIM MaTeMaThdeckas MOJelb (U3NYECKOM
CUCTEMBbI CKaThIBAIOIIIETOCA Tea.

[Ipu onucanuu 3ToM CUCTEMBI TPUHATHI CIEAYIOLINE TUIIOTE3bI:

- MIOBEPXHOCTh uaeanbHa (K0d()(UIIEHT TPEHHUS PaBeH HYJIIO);

- TeJI0 HaXOJUTCS B BaKyyMe (CONMPOTUBJICHHUE BO3yXa PaBHO HYJIIO);

- Macca Tejla HEM3MEHHa;

- TEJIO JBUKETCS C OJIMHAKOBBIM IMMOCTOSIHHBIM YCKOPEHHEM B JTFOO0H TOUKe.

[Ipumep. Dusmosiornueckass cucrtemMa (CUCTEMa KpPOBOOOpAIICHHS] YEIOBEKA) -
MOIYMHSIETCSI HEKOTOPBIM 3aKOHAaM TepMoauHaMuku. OmHChIBas 3Ty cHCTeMy Ha (U3UYECKOM
(TepMOIUHAMUYECKOM ) SA3bIKE OaslaHCOBBIX 3aKOHOB, MOJTYy4YUM bu3nUecKy1o,
TePMOJUHAMHUYECKYI0 MOJeNb (U3MOIOTHYeCKOil cucTembl. Ecim 3amucaTh 3TH 3aKOHBI Ha
MaTeMaTHYeCKOM $3bIKE, T.€. COOTBETCTBYIOIIME TEPMOJUHAMHYECKHE YPaBHEHHs, TO YXKe
MOJy4aeM MaTeMaTUYECKYI0 MOJIEIb CUCTEMbI KPOBOOOPAIIICHHS.




[Ipumep. CoOBOKYNMHOCTh MPENNPHUITHI (QYHKIMOHUPYET Ha pPHIHKE, OOMEHHUBAsICh
TOBapaMHu, ChIphEeM, yciyramu, napopmanuei. Eciu onncath S5KOHOMUYECKHE 3aKOHBI, TTpaBUiia
WX B3aUMOJICHCTBUS HA PBHIHKE C IOMOIIBI0 MaTEeMaTHYECKUX COOTHOIICHHM, HampuMep,
CUCTEMbI aireOpandyecKkux YpaBHEHHH, TJe HEU3BECTHbIMU OyayT BEIMYMHBI NPUOBLIH,
MoJlydaeMble OT B3aWMOJICUCTBUS TMPEANPHUATHH, a KoddduilmeHTaMu YypaBHEHHs OyayT
3HAYEHUSI HHTCHCUBHOCTEN TaKUX B33HMO}I€fICTBHI>i, TO MOJTYYHUM 3SKOHOMHKO-MATCMATHYCCKYIO
MOJIeTIb CHCTEMBI MPEATPUSATHI Ha PBIHKE.

CnoBo "mogmens" (mat. modelium) o3nadaer "mepa', "cmocoO", "CXOICTBO ¢ KaKOH-TO
BEILbIO".

MopenvupoBanue 0a3upyeTcsi HA MaTEMaTHYECKON TEOPHH TOJ00MS, COTJIACHO KOTOPOU
abCoMIOTHOE MOI00ME MOXET UMETh MECTO JIMIIb MPU 3aMEHE OJHOTO 00BEKTa JPYTrUM TOYHO
TaKHUM XKeE€.

[Ipn monenupoBaHWK OONBIIMHCTBA CUCTEM aOCONIOTHOE MOJ00Me HEBO3MOXKHO, W
OCHOBHas 11€JIb MOJICJIMPOBAHUS 3aKJII0YAETCs B TOM, YTO MOJIEJNb JOCTATOUYHO XOPOIIO JOHKHA
oToOpaxath (PyHKIIMOHUPOBAHUE MOJCIUPYEMOI CHCTEMBI.

ITo ypoBHI0, "ri1y0uHe" MoaeMpoBaHusi Mojeu ObIBAIOT:

1. sMInupuyecKue - Ha OCHOBE SMIMPUUECKUX (PAKTOB (OMBITOB);

2. TEOPETHYECKHUE - HA OCHOBE MAaTEMaTUYECKUX OMMCAHUI;

3. cMeIIaHHble, MONYAIMIMPUYECKUE - HA OCHOBE SMIUPHUUYECKUX 3aBUCUMOCTEH H
MaTeMaTHYeCKNX OIMMCAaHWH.

IIpoGaema Moge lMPpOBAHMA COCTOUT M3 TPeEX 3a/1a4:

1. moctpoenue Mozenu (3Ta 3afada MeHee ¢opManu3yeMa U KOHCTPYKTHUBHA, T.K. HET
aJIITOpUTMa JIJISl IOCTPOSHUS MOJIENEH );

2. uccnenoBaHue wmojenu (d9Ta 3amada  Oomee (popmanmmzyema, HMEIOTCS METOJbI
WCCJIE0OBAHMS PA3NIMUHBIX KJIACCOB MOJIENEH);

3. ucrosb30BaHre MOIeNH (KOHCTPYKTUBHAS M KOHKPETH3UpYyeMas 3a1ada).

Mogens M, onuceiBatoimas cuctemy S(x1, x2, ..., xn; R), umeer Buxa:

M=(zl,22,..,zm;Q), rme zi= Z, i=1,2,..,n);

R - MHOX€ecTBa oTHOIIEHHH Hany X,

Q - MHOXECTBa OTHOIIICHUHN Hall Z;

X - MHO>XE€CTBOM BXOJIHBIX, BBIXOJJHBIX CUTHAJIOB U COCTOSIHUI CHCTEMBI;

Z - MHOKECTBO ONUCaHUM (MpeaCTaBICHUI) JIIEMEHTOB U MOAMHOXKECTB X.

Cxema mocTpoeHusi MoJieTd M CHCTEMBI S ¢ BXOAHBIMU CHUTHajJaMH X U BBIXOJHBIMHU
curHasnamu Y u3zoOpakeHa Ha puc. 1.1.

Hccenenyemas cucrema S Mopens M

Pucynok 1.1 - Cxema noctpoeHus Moenu

Ecnu Ha BXOog4 M mocTymaroT CUTHaiIbl U3 X M HA BBIXOJE MOSIBISIOTCS CUTHAJIBI Y, TO
3a71aH 3aKkoH (mpaBuiio) f QyHKIMOHUPOBAHHUS MOJIENHN / CUCTEMBI.

MonenupoBanue - 3TO  YHUBEpPCAJIbHBIM  METON  IOJy4YEHUS OMHCaHUs
(GYHKIIMOHUPOBAaHUS O0BEKTAa U HUCIOJIB30BAHUS 3HAHMI O HEM. MOJEIUPOBAHHUE UCTIONB3YETCS
B 110001 npodheccuoHaTbHON NeITeTbHOCTH.


http://www.intuit.ru/department/expert/intsys/10/2.html#image.10.1

ITocTanoBka 3axaum K J1adoparopHoii padore 1

1. U3yunTh npeasiaraeMplil TEOPETUUECKUI MaTepHal.

2. MathCAD-toKkyMeHT JOJDKEH COJepKaTh 3arojlOBOK, BKIIOYAIOIIMM Ha3BaHUE
nmabopaTopHON pabOTHI 1 HOMEp BapHaHTa, a TaKXKe CBeJACHUS 00 aBTOpe ((haMuausi CTyaeHTa 1
HOMEp TPYIIIbI).

3. Odbopmienne Kaxaoro 3aJaHus HauMHAWTE C yKa3aHHsS €ro HoOMepa, Harlpumep
«3amganue Ne 1.

4. B 3amanun 2 BBINOJHUTE OOpalieHHe K (YHKIMH, HE MPUCBauWBas MEPEMEHHON X
yKa3aHHbIE 3HAUEHUS.

5. Oopmsist pemenue 3aganuii 4—6, cienyeT BKIOYATh B IOKYMEHT KOMMEHTApUH ISt
MOSICHEHHSI UCTIOJIb3yEeMbIX 0003HAYEHUH 1 BBITIOIHAEMBIX JICHCTBUH.

6. Opopmuts oTder mo jmadGopaTopHoi pabdore. [IpeacTaBuTh OTYET MO JTAOOPATOPHOMN
paboTe A 3aIUTHI.

BapuaHThl HHAUBUAYAJIBHBIX 32IaHUM

B cooTBeTcTBUY C MOTYUYEHHBIM 3aaHHEM cPOPMHUPOBATH PEIICHHE U AAaTh €r0 OMHCAHUE
CO CKPHHILIOTaMH BBITTOJIHEHHBIX JI€VCTBHUIA.
1. 3anaBas x, y, z, HaliIuTe 3HaYCHUE BhIpaKeHus u3 Tabmn.1.1:
Tabmuma 1.1 — BeluucieHue ciokKHOTO BhIPaKEHUsS
No Bripaxenue
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2. Boruncnute 3HaueHue GyHKIUU U3 TaOIHUIbI 1.2 1715 yKa3aHHBIX 3HAUEHUH X
Tabnuma 1.2 — Beruuciienue GyHKIUU 715 33JaHHBIX 3HAUYECHUHN apryMeHTa

OyHKIUSA

Ne
x+2 econ O<x<3,
Mx)=42, eenH 2 < x <+f37,
1 sin{x® +1), HHaue
mma x: —3,5 L5 3,2; 5; —ql';: lnﬁ; log, 10; sin 8.
5, ecnd X< -2 umHxz 4,
Vixy=qx-2, BCIH —lE_t«:-J";,
2 cos(x’ +1), wHuaue
mma o =35 -5 1. 2-4';: 39 5 Inﬁ: log, 11; cos &
2x-2, ecnH 0<x<3,
vix)= J;, econ 3 x< Jlfr,
3 cos(x” +1), HHAUE
mmmx 3.2 25 32 5 \l";; In 'u'rg: log, 10; cos 5; 2
6, ecnn —l=x<],
vix)=q+x+1, ecnmn 1€ x €27,
4 cig(x’ —2), HHaue

amax: —4; 0.5 L; 6; -HI";; Inﬁ; log, 13; cm%.




fi-r 1], ecm —4<x£3],

vix)=42x, ECH 2 < X < A3,
5 tg{f +1), uHaue

amax: 7.5 0,5 3.2, 5 +f27; In ﬁ; log, 36; ms%.

In||—.r3|, ECOH X <—2HmHXY 27,
6 vix)=4dx-2, ECIH 2£x<q"§,
ms{xl+-f.‘,|, HHAYE mmax =35 L5 22 5 ZJ.;: lnﬁ; log,13; tg 3.
{E—Z. ecmn —2<x=l,
vix) =43 ECH l{I{JE,
7 cos(x® +3), HHaue

amax: —3,5 0,5 3,2; 5 33~ in—ql"i; log, 11; arctg 8.

3, ECIH X < —2 HiIH x = 8,
vix)=qx-2, ecmm 1€ x <+f2r,
8 tg( 1’ +4), HHAYE

amax 35 L5 329 'q'r}?; ].n«.E; log,11; arccos 0.3.

arcsin{x+2), €M —3Sx<-l,
¥(x)=12x, ecin —1<x<~fr+l,
9 cos(~3x%), HHAYE

ma . —4,5-1; 2; 5 Jo+0,5; ].nﬁ; log, 12; tg 7.5

In(x+2), ecm D<x<2,
10 wx)=12x, EClH X =< —2 uIH x >+37,
cos(x” +1), mnHaue max 3.5 -1 L5 5 7 243 log, 11; sin 12.

3. /1t BBIYMCICHHS 3HAYCHHS BBIpOKEHHS H3 TaOmuuel 1.3 moctpoiiTe (yHKIHIO,
KoTopasi Obl Bo3Bpamana Ttekct «not defined» («He ompeneneHo») HpU HEIOMYCTUMBIX
3HAYEHUSIX MMEPEMEHHOH X. BhINomHUTE BRIYUCICHHS IS YKa3aHHbIX B Ta0nuue 1.3 3HaueHuit x:

Ta6mmna 1.3 — Iloctpoenue hyHKIMK 715 3aJaHHBIX 3HAYCHUH apryMeHTa

No OyHKIUSA
| x-1
1 w42 Xt =35 155 3,2 5; \/;; ln\/g; log, 10; sin 8.

2 In .
x—2 x 4102 5

. Jx=3
3 sin
x+1  x —6;-1; 2; 3 7.5
l-x
4

x+7 x —10k=T7; 0,5 1; 5,2,




x—4 oy 41 15 4; 7.8

ol
(x—=1Nx+2) o —4-2:05 ;57

7 Jix—2)x+8) sin

x=2 oy —14:-8; 0,5 2; 5.1.

x—1 2
8 a7 w56 -4 -2 L 2135
Jlx—2)x+1)
9 51N— -
x—4 x —4;-1; 0,5 2; 4; 5,8.

10 Jx=2Hx+1)

vt x —4; f—E: —1; L5 2; 45.

Conepxanue oT4yera

[To BemMoONHEHHOW paboTe cocramisercss OT4eT. OTYET BBIMOIHAECTCS B DJIEKTPOHHOM
Buze. [1o BeIMONHEHHOMY OTYETy MPOBOAUTCS 3allUTa Ja00paTOPHOM paboTHI.

Otuer mo nabopaTopHOW pPadOTEe AOHKEH COCTOSITh W3 CIEIYIOIIMX CTPYKTYPHBIX
3JIEMEHTOB:

- TUTYJIbHBIN JIUCT;

- BBOJIHAs YaCTh;

- OCHOBHAsl 4aCTh: OMHCaHKe PabOoThl, BKIIOYAOIIEe CKPUHILIOTHI IEHCTBU;

- 3aKJIFOYCHUE (BBIBOJIBI).

BBogHas 9acTs oT4eTa TOHKHA BKIIFOYATh ITYHKTHI:

- YCIIOBHE 3aJIauH;

- OPSAZOK BBITIOJTHEHHS.

- IPOrpaMMHO-aIIapaTHbIE CPEACTBA, UCIOIb3yEMbIE ITPU BBIMOJIHEHUH PAOOTHI.

3amuTa oT4eTa 1o J1abopaTopHOi padoTe 3aKiI04aeTcs B IPEeIbsBICHUH MPENO01aBaTEeNI0
MOJIyYEHHBIX PE3yJIbTaTOB B BUAE (hailyia U JEMOHCTpAIMK MOJYyYEHHBIX HAaBBIKOB IMPHU OTBETAX
Ha BOMPOCHI MPETOAABATEIIS.

KoHnTpo/ibHBIE BOIPOCHI

. UTto Takoe MOIEIN M KaKue BUIBI MOJIENIEH BEI 3HaeTe?

. Kakue BubI MOIeTMpOBaHus CyIIECTBYIOT?

. OT 4ero 3aBUCUT TOYHOCTH MOJICTUPOBAHUS?

. Korna pazymHo npuMeHsTh pu3nyeckoe MoaenupoBanme?

. Kakue cambie u3BecTHBIC IPUMEPHI CEPHE3HOTO MOJICTUPOBAHUS Bl 3HAECTE?
. Kakue BHbI IOrpemIHOCTH MOAEIUPOBAHUS Bbl 3HAETE?

. Kakue nporpamMHbIie IPOIYKTHI UCTIOIB3YIOT JIJISI MOAECTUPOBAHUS ?

. Kak ocymiectBisiercs moaroToBka K MOJI€IMPOBaHUIO?

. Kakumu Bo3mMokHOCTSIMH B MoJieTupoBanuu o0nanaror CKM?

10. YeM oTimuaeTcs TpaeKTOPHS MOJIeTa KaMHs 0€3 ydeTa CONPOTHBIICHUS BO3/IyXa H C
ero yaerom?

O 0 1O\ DN K W —

JlaboparopHasi padora 2. MoaeMmpoBaHue B MH:KEHEPHBIX pac4yeToB

Hens pabotel: M3yunTh M NpPUMEHUTh Ha MPAKTUKE HMHCTPYMEHTAJIbHBIE Cpebl
KOMITBIOTEPHOT'O MOJEIUPOBAHMS.



OcHoBBI TEOpUH

Kuaacenpukanus BuaoB moaeauposanus. Cratuyeckue U AHHAMHYECKHE,
AUCKPeTHBIC U HellpepbIBHbIE MOJEJIN

Knaccudukanuio Mozesneil mpoBoJsT MO pa3InYHbIM KPUTEPHUSIM.

Mopnens Ha3bpIBaeTCsl CTAaTUYECKOM, €CIM Cpedu IapaMeTpoB, YYacTBYHIOIIMX B €€
ONHMCAaHUU, HET BPEMEHHOT0 napamerpa. CtaTudeckas MOJIeb B KaXK/IbIii MOMEHT BpEMEHH JaeT
s "¢pororpaduro” cuctemsl, ee cpes.

[Tpumep. 3akon HeroTona F=a*m - 310 cTaTndeckas MoJieib ABMKYIIEHCS C YCKOPEHUEM
a MaTepHaJbHOW TOYKM MAacCOil m. JTa MOJENIb HE YUUTHIBAET U3MEHEHHE YCKOPEHUS OT OJIHOM
TOYKH K JIPYTOM.

Mopnenbs quHaAMHUECKasl, €CIIM CPEU €€ NTapaMeTPOB €CTh BPEMEHHOM MapaMeTp, T.€. OHa
oToOpakaeT cucteMy (TIPOIECChl B CUCTEME) BO BPEMEHH.

[Tpumep. Junamuyeckast Mosenb 3akoHa HeloToHa OyaeT UMeTh BUI:

F(t)=a(t)*m(t).

Mopnenbs AUCKpETHAs, €CIM OHA ONUCBIBAET IOBEIECHHE CHCTEMBI TOJBKO B JIUCKPETHBIE
MOMEHTHI BPEMEHHU.

[Ipumep. Ecnu paccmatpuats Tonbeko t=0, 1, 2, ..., 10 (cex), To Moaens

S(t)y=gt*/2

WIH YuCioBas nocienoBaTenbHocTh: S0=0, S1=g/2, S2=2g, S3=9¢/2, :, S10=50g moxeT
CIIy’KMTb JTUCKPETHOIN MOJIEINIbIO IBUKEHUSI CBOOOIHO MaJaoUIero Teja.

Mopnens HenpepblBHAsI, €CJIM OHA OMMCHIBAET MOBEIACHUE CUCTEMBI U BCEX MOMEHTOB
HEKOTOPOTO MPOMEXYTKa BPEMEHHU.

[Tpumep. Mozens S=gt*/2, 0 < t < 100 HenpepbiBHa Ha npomexyTke Bpemenu (0;100).

HNMuTanmoHHbIE MOAETHN

Mogenb UMUTAlMOHHAs, €CIAU OHA MpeJHa3HAy€Ha JJIsi WCIBITAaHUS WIA H3y4YECHUS
BO3MOYKHBIX TTyTE€H Pa3BUTHS U MOBEJEHUS 00BEKTa IMyTEM BaphbHUPOBAHMS HEKOTOPBIX HIIM BCEX
napameTpoB MOJIENH.

ITpumep. IlycTh MOZENB SKOHOMUYECKON CHCTEMBI IIPOU3BOJICTBA TOBAPOB JIBYX BUAOB |
u 2, B KonudectBe X1 M X2 €QUHUIl U CTOMMOCTBIO KaXKJIOM elIuHMIIbI ToBapa al u a2 Ha
MIPEANPUITHH ONMCAaHA B BUIC COOTHOIIICHUS:

alxl +a2x2 =S,

rae S - o0mas CTOMMOCTh TTPOU3BEICHHOM TIPEANPUATHEM Bcel mpoaykiuuu (Buaa 1 u 2).
MOo3XHO ee UCIOJIb30BaTh B KaU€CTBE UMHUTAIIMOHHOW MOJENH, M0 KOTOPOM MOKHO ONpPENENITh
(BappupOBaTH) OOIIYI0 CTOMMOCTH S B 3aBUCUMOCTH OT T€X WJIM WHBIX 3HAYCHHH OOBEMOB W
CTOMMOCTHU MPOU3BOJUMBIX TOBAPOB.

JleTepMHHUPOBAHHbIE U CTOXACTHYECKHE MO/E/IH

Mogens JeTepMHUHHMPOBAaHHAs, €CIM KaXAOMY BXOJHOMY Habopy MapaMeTpoB
COOTBETCTBYET BIIOJIHE ONPEICIICHHBI W OJHO3HAYHO OMNpeAesieMblii HaOOp BBIXOAHBIX
[IapaMeTpoB; B IMPOTHMBHOM CJly4yae - MOJEIb HEAETEPMHHHUPOBAHHAS, CTOXACTHYECKAs
(BeposITHOCTHAS).

[Ipumep. IlpuBenennsle Bblille (U3NYECKHE MOJIENU - JIeTepMUHHMpOBaHHBbIE. Eciu B
mozemu S = gt* /2, 0 <t < 100 MbI yunu Obl CTy4aiiHbIi TTApAMETP - MOPBIB BETPA C CHJION p NpH
NaJCHUN Tea:

Sp)=gp)t2/2, 0<t<100,

TO MBI IOJYYHIIU ObI CTOXaCTUYECKYIO MOJIENb (y>Ke He CBOOOIHOT0) MaIeHHs.

DYHKIHOHAJIbHbIE, TEOPETUKO-MHOKECTBEHHbIE U JIOTHYECKHE MOJE/IH

Mogenp (yHKIMOHATIbHASI, €CJIIM OHAa NpEeACTaBUMa B BHJE CHCTEMbl KaKHUX- JHOO
(yHKIIMOHAJIBHBIX COOTHOIICHUH.

Mogenb TEOpEeTUKO-MHOXKECTBEHHAsA, €CJIM OHA IIPEACTaBMMa C IIOMOIIBIO HEKOTOPBIX
MHOXECTB ¥ OTHOLIEHUI IPUHAIIEKHOCTH MEXKTy HUMHU.

ITpumep. IlycTs 3a1aHO MHOXKECTBO



X = {Hukomnaii, Ilerp, Hukonaes, IlerpoB, Enena, Exarepuna, Muxaun, TaresHa} u
OTHOUICHUS:

Huxoumnaii - cynpyr Enensi,

Ekarepuna - cynpyra Iletpa,

Tatpsana - nous Hukonas u EneHsl,

Muxawun - ceiH [letpa n Exarepunsi,

ceMbu Muxauna u Iletpa npyxar apyr ¢ Ipyrom.

Torma MHOXECTBO X M MHOXECTBO NEPEUMCICHHBIX OTHOIIEHMH Y MOTYT CIIYKHTh
TEOPETUKO-MHOKECTBEHHOU MOJENBIO ABYX IPY’KECTBEHHBIX CEMEN.

Mosienb Ha3bIBaeTCS JTIOTMUYECKOM, €CIM OHA MPECTaBUMa JIOTHYECKUMH (PYHKIMSIMH.

Hanpumep, COBOKYITHOCTh JTIOTHUECKUX (DYHKIMIA BUA:

z=X My VX, p=xiy
€CTh MaTeMaTHUYEeCKas JIOTHYecKas MOJIeNIb Pa0OThI JUCKPETHOTO YCTPOMCTRA.

Hrposbie moxenu

Mopnens urpoBasi, €CiM OHa ONMCHIBAET, PEAIM3YEeT HEKOTOPYH0 HIPOBYIO CHUTYyalUIO
MEX/1y YYaCTHUKaMH UTPBHI.

IIpumep. Ilycts urpok 1 - 10OpocoBecTHBI HAJOTOBBIM HHCIEKTOpP, a UIPOK 2 -
HEeZ00pOCOBECTHBIN HajoromaaTenbuIvK. et nporecc (Mrpa) mo ykjJOHEHHIO OT HAajloroB (C
OJTHOM CTOPOHBI) M TO BBISBICHUIO COKPBITHS YIUIAThl HAJIOTOB (C JApyroil cTopoHsl). Urpoku

BBIOMpAIOT HATypajbHbIE uncia i u j (i, ] = n), KOTOpble MOXKHO OTOXAECTBUTH, COOTBETCTBEHHO,
co mtpadoM UTpoKa 2 3a HEYIUIaTy HAJIOTOB IIPH OOHAPYKEHUU UTPOKOM | (akTa HEeyIIaThl U ¢
BPEMEHHON BBITOJIOM MIPOKa 2 OT COKPBITHS HajaoroB. Mojenab WIPbl ONUCHIBAETCS ITOU
MATPHUIIEH U CTpaTEeruel YKIOHECHHS U MTOMMKHU. JTa UTPa - aHTArOHUCTHYECKAs.

AJITOpUTMHYECKHE, CTPYKTYPHBIE, rpadg)oBbie MOAETH

Mogens anropuTMHYECKas, €cIM OHa OIKMCaHa HEKOTOPHIM QJTOPHUTMOM  HJIH
KOMIIJIEKCOM aJITOPUTMOB, OTPEACISIOMUM (PYHKIIMOHUPOBAHNE, PA3BUTHE CUCTEMBI.

Crnemyer MOMHHUTH, YTO HE BCE MOJEIM MOTYT OBITh MCCIEIOBAHBI WM PEaTHM30BaHBI
AJITOPUTMHUYCCKHU.

[Tpumep. Mozaenbio BEIYUCICHHUS CyMMbI O€CKOHEYHOTO YOBIBAIOIIETO PsIJIa YUCETT MOXKET
CIIy’KUTb aJITOPUTM BBIYMCIICHHs KOHEYHOW CYMMBI psifia 0 HEKOTOPOW 3aJaHHOM CTEIECHU
TOYHOCTH. AJNTOPUTMUYECKOH MOJEThI0 KOPHS KBAIpPAaTHOTO W3 YHCIA X MOXKET CIIY)XKHTh
QJIITOPUTM BBIYUCIICHHUS €r0 MPUOIIKEHHOTO 3HAUCHUS TI0 U3BECTHOM peKyppeHTHOM (hopmyre.

Mozens Ha3bpIBaeTCS CTPYKTYPHOM, €CIIM OHA TpEACTaBUMa CTPYKTYPOW JaHHBIX HITH
CTPYKTypaMU JaHHBIX U OTHOLLICHUSAMU MEXIY HUMH.

Mopnens HaspiBaeTcs TrpadoBOM, €ciaM OHA mpeacTtaBuma rpadom uiu rpadamMu U
OTHOLICHUAMHA MCKIY HUMMU.

Hepapxuyeckue U ceTeBble MOEJIH

Mogenb Ha3bIBa€TCS HEpapXUUECKOW (JIPEBOBUJIHOM), €CIM MpEeACTaBUMa HEKOTOPOI
HepapXUUYecKor CTPYKTYpOil (1epeBom).

[Ipumep. [ns pelieHust 3aJayd HAaXOXKJIECHUS MaplipyTa B JepeBe IOHCKa MOKHO
MMOCTPOUTH, HATTPUMED, TPEBOBUIHYIO MOeIb (puc. 2.1):
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Pucynok 2.1 - Mozenbs uepapxudeckoil CTpyKTypbl

Mogenp Ha3bIBaeTCs CETEBOM, €CIIM OHA MPEICTABUMA HEKOTOPOU CETEBOM CTPYKTYPOM.

[Ipumep. CTpouTenbcTBO HOBOTO JOMa BKIIOYAET ONEpalud, [PUBEIACHHbIE B
HIDKECHeytolei Tabuie.

Tabmuia 2.1 - PaboThI IpH CTPOUTEIIBCTBE JOMA

Ne | Onepauus Bpemst Boinonnenus | IlpemmectByromiue Hyru
(1HM) olnepauu rpada

1 | PacuucTka yyacTka 1 HET -

2 | 3aknaaka GyHIamMeHTa 4 Pacuncrka yuactka (1) 1-2

3 | Bo3Beaenue cTeH 4 Saknaaka dyngamenTa (2) | 2-3

4 | MonTax 3 Bo3ssenenue cren (3) 3-4
AJIEKTPONPOBOJKHU

5 | lIrykarypHbie paboThI 4 MonTax 4-5

AJIEKTPONPOBOAKH (4)

6 | binaroyctpoiictBo 6 Bossenenue cre (3) 3-6
TEPPUTOPUH

7 | Otnenoynsie paboThI 4 ItykaTypHble padoTsl (5) | 5-7

8 | HacTwmi kpbItm 5 Bo3ssenenue cren (3) 3-8

CerteBast Mojienb (ceTeBOM TpaduK) CTPOUTENHCTBA JOMA JIaHa Ha puc. 2.2.

Pucynoxk 2.2 - CereBoli rpaduk CTpOUTEITHCTBA

JIBe paboThI, COOTBETCTBYIOIIUE Iyre 4-8, mapamienbHbl, UX MOXHO JIMOO 3aMEHUTh
OJHOM, TNPEACTaBIIAIONICH COBMECTHYIO ONEpaluio (MOHTaX 3JIEKTPOIPOBOJKA U HACTUI
KPBIIIM) C HOBOH omepanueil UIMTenbHOCThI0 3+5=8, mubo BBeCTH Ha OJHOM 1yre (pUKTHBHOE
COOBITHE.

JIMHrBHUCTHYECKHE MOJEJIH

Mogenb Ha3bIBaeTCA SI3bIKOBOM, JIMHIBUCTUYECKOM, €CJIM OHA MPEACTaBIeHA HEKOTOPBIM
JTUHTBUCTUYECKUM O0BEKTOM, (DOPMATU30BAaHHOMN SI3BIKOBOM CHCTEMOW MITU CTPYKTYPOH.

Wuoraa Takre MO/IETU HAa3bIBAIOT BepOAIbHBIMU, CHHTAKCUYECKUMHU.

Hanpumep, npaBuina JOpOKHOTO ABUKEHHUS - I3bIKOBAsi, CTPYKTYpPHAask MOAENb JIBUKEHUS
TPaHCIOPTa U MENIEX00B Ha JOPOrax.
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BusyanbHble, HATYpHbBIE, TeOMETPHYECKHE MOTETH

Mogenp BH3yaibHas, €CIM OHA TIO3BOJISICT BH3YaJTU3WPOBATH OTHOIICHUS M CBS3HU
MOJIETTUPYEMO CUCTEMBI, 0COOCHHO B IMHAMUKE.

Hanpumep, Ha 3KpaHe KOMITBIOTEPA YaCTO TOJIB3YIOTCS BU3YaJbHOW MOJICIBIO TOTO MU
HMHOT0 00BEKTa.

Moienb HaTypHasi, €CJIM OHA €CTh MaTepHalIbHAS KOIUS 00BEKTa MOJICITUPOBAHHMS.

Hanpumep, rino0yc - HatypHast reorpadudeckas MoJIelib 3€MHOTO I1apa.

Mogenp TeomeTpudeckas, rpaduyeckas, eClIM OHa TPEACTaBHMA TE€OMETPUICCKUMU
oOpa3amMu ¥ 00bEKTaMHU.

Hanpumep, MakeT qoma SBISICTCS HATYPHOH TC€OMETPHYECKON MOJEIBIO CTPOSIIETOCS
noMa. BriucaHHBI B OKpPY)KHOCTh MHOTOYTOJIBHUK JaeT MOJEIb OKPY)XHOCTH. VMIMEHHO OHa
HCTIOJIB3YETCS TIPU U300paKeHUH OKPYKHOCTH Ha 3KpaHe KoMmmbioTepa. [Ipsimast THHUS SBISCTCS
MO/IEJIBIO YHCIIOBOM OCH, a IMJIOCKOCTh YacTO N300paXKaeTcs, Kak mapaijiesiorpaMm.

CI/ICTeMa KJIICTOYHbBIX aBTOMATOB

Mopnenb KIE€TOYHO-aBTOMATHAas, €CIM OHAa MpPEJICTaBUMa KJIETOYHBIM aBTOMATOM WIIU
CHCTeMOﬁ KIICTOYHBIX aBTOMATOB.

Krnerounslii aBromMar - AHMCKpeTHas AMHAMUYECKash CHCTEMa, aHAJIOT (HU3HUECKOTO
(uenpepbIBHOrO) moJid. KieToyHo-aBTOMaTHasi T€OMETpHUsl - aHAJOr €BKJIMIOBOM TE€OMETPHH.
HenenuMmelii s7eMEeHT €BKIMIOBOW TEOMETPUM - TOYKA, HAa OCHOBE €€ CTPOATCS OTPE3KH,
MPsIMBIE, TUNTOCKOCTH U T.]I.

HenenuMmeblii aieMeHT KIETOYHO-aBTOMATHOTO MOJIA - KJIETKA, Ha OCHOBE €€ CTPOSTCS
KJIacTephl KJIETOK W pa3iuyHble KOH(QUIypaluu KIETOUYHbIX CcTpyKTyp. IIpeacraBusercs
KIIETOYHBI aBTOMAaT paBHOMEPHOU CEeThIO KJIETOK ("'siueek'") ATOro mosis. DBOIIONUS KIETOYHOTO
aBTOMAaTa Pa3BOPAYMBACTCS B IUCKPETHOM MTPOCTPAHCTBE - KIICTOYHOM TIOJIC.

CMeHa COCTOSHHM B KJIETOYHO-aBTOMATHOM II0JIE TPOUCXOAHWT OJHOBPEMEHHO U
napajuIesIbHO, a BpeMs HJICT JUCKpeTHO. HecMOTps Ha KaXyIIyIOCsS MPOCTOTY X TOCTPOCHUS,
KIIETOYHBIE aBTOMAaThl MOTYT JEMOHCTPHPOBATh PAa3HOOOpPA3HOE U CJIOXKHOE TOBEICHHE
00BEKTOB, CUCTEM.

B mocnennee BpeMsi OHH IIMPOKO HCIIONB3YIOTCS TMPU MOJCIUPOBAHHM HE TOIBKO
(U3HYECKUX, HO M COIIMAITbHO-OKOHOMHUYECKUX TTPOIIECCOB.

®pakTajJbHble MOJIH

Mogens Ha3zpiBaeTcs (HpaKTaabHOH, €CIIM OHA OIMCHIBAET HBOIIOIUIO MOACIHPYEMOM
CHCTEMBI HBOJIOIMEN (PPaKTATbHBIX 0OBEKTOB.

Ecin ¢usmuecknii 00bEKT OJHOPOIHBIM (CIUIOUIHON), T.€. B HEM HET IMOJIOCTEH, TO
MOKHO CUHUTaTh, YTO €ro IUIOTHOCTh HE 3aBUCUT OT pa3Mepa. Hampumep, npu yBelIndeHUU
napaMerpa o0bekTa R 10 2R Macca oObekta yBenuuutes B R” pas, ecnm 00bekT - Kpyr u B R?
pa3, eciu OOBEKT - mIap, T.e. CYIIECTBYET CBSA3b Macchl M JIUHBL. IlycTh n - pa3smMepHOCTbH
npoctpancTBa. OOBEKT, y KOTOPOTO Macca M pa3Mep CBA3aHbI, Ha3bIBaeTCs "KOMMAakTHBIM'". Ero
TUIOTHOCTb MOKHO PAacCUUTaTh 1o hpopmyie:

A 0
—carst

Ecmu o0bekt (cucrema) ymomieTBopsieT cooTHomenuro M(R) ~ R™, rpe f(n) < n, To
TaKOW 0OBEKT Ha3bIBAeTCs (PPAKTATBHBIM.

Ero miotHocTh He OyAeT oAMHAKOBOMW ISl BceX 3HaueHWid R, To oHa Macimirabupyercs
COTJIacHO (opMmyIie:

p(R)~ ) gl

Tak kak f(n) - n < 0 WO ompeAeneHUI0, TO IUIOTHOCTh (PAKTATHLHOTO OO0BEKTa
yMEHbIIAaeTCsl ¢ yBeaudeHueM pasmepa R, a p(R) sBasercs KoaM4ecTBEHHOM Mepoi
Pa3psHKEHHOCTH O0BEKTA.



[Ipumep ¢paxrambHOit Mozenu - MHoxecTBO Kanrtopa. Paccmorpum otpesok  [0;1].
Pa3znenum ero Ha 3 yacTu U BBIOpOCUM cpelHui oTpe3ok. OcTaBuivecs 2 MPOMEXKYTKa OIMSTh
pa3fenyM Ha TPU YacTH M BBIKMHEM CpPEJHHME NPOMEXYTKH MU T.1. llodyduM MHOXeCTBO,
Ha3blBaeMoe MHOXecTBoM Kantopa. B mpenmene momydaeM HECUETHOE  MHOXECTBO
M30JIUPOBAHHBIX TOYEK.

] — e —————
0 1/9 29 173 23 79 89 1

Pucynok 2.3 - MuoxectBo KanTtopa s 3-x neneHuit

IlocTaHoBKa 3a1a4u K J1a00opaTopHOIi padoTe 2

1. U3yunTs npeasiaraeMplii TEOPETUUECKUN MaTepHUal.

2. Ilpu nocTpoeHnu rpauKoB 3a1aiiTe (M3MEHHUTE) CIEAYIOIINE TTapaMeTphl sl 00JIaCTH
MOCTPOCHHUS:

- KOOpJIMHATHBIE OCH;

- BBIBOJI CETKU (M3MEHUB KOJIMYECTBO JIEJIEHUM 110 OCSIM);

- IBET ¥ TOJIIMHY JIMHUY rpaduka;

- 3aroJIOBOK Irpaduka.

3. IlonpoOyiiTe M3MEHUTHb TUIl JUHUM (CIUIOUIHAS, IyHKTUPHAs, IUITPUXITYHKTHpHA,
JIMHUS C MapKepaMmH).

4. YcraHoBHTE keJlaeMblil pazMep 00J1acTH MOCTPOEHUSI.

5. B 3aganuu 3 xopuu ypaBHeHus f (x) = 0 HaliguTe ¢ momoinpio GyHkmu root(f(x), x).
B 3amanuum 4 npu HaXOXICHWW HYJEH NMPOW3BOAHON MCHONB3yHTe (QyHKIHIO root B ¢opmare
root(f(x), X, a, b). BrpiOupaiiTe NpOMeXyTKH H3MEHEHHUS HE3aBUCUMOW MEPEeMEHHON MpH
MIOCTPOEHUHU I'papUKOB TaKMM OOpa3oM, YTOOBI YETKO BUAETH HAJUUWE HYJIEH aHAIU3HPYEMbIX
GyHKIHIA.

6. Odopmiss pewieHre 3afaHus S5, 3a7aiiTe NepeMeHHyI0 Juana3oHa X TakuM o0pazom,
4qTOOBI NMPU M3MEHEHUM 3HaueHHsl aOCIMcChl TOYKM KacaHus X0 NpOMEeXyTOK, Ha KOTOPOM
cTpouTtcs TpaduK, aBTOMATHYECKH W3MEHSIICS TaK, YTOOBI OH CO/eprKal 3aaanHoe 3HadeHue XO0.
Ha rpaduke TouKy KacaHUs IOMETHTE MAPKEPOM.

7. B 3amanum 6 HaliuTe KOOPAMHATHI TOUYEK MEPECEUEHHs C MOMOIIBI0 OJI0Ka peleHui
Given-Find.

8. Opopmuts oTder mo mabopatopHoi pabore. [IpeacTaBuTh OTHYET MO JTAOOpPATOPHOM
paboTe A 3aIUTHI.

BapI/IaHTI)I HHAUBUAYAJIBbHBIX 3agaHui

B cooTBeTcTBUU ¢ MOTY4YEHHBIM 3ajaHHEM cPOPMHUPOBATH PEIIEHHE U AAaTh €r0 OMHCaHUE
CO CKPHHILIOTAMH BBITIOJIHEHHBIX JICMCTBHUIA.

3anana ¢pynkuus f(x) u3 tadn.2.2.

1. [Toctpoiite Tabnwiy 3HA4YCHWUH (YHKIMH IS YKa3aHHOTO JHAla30Ha X C 3aJaHHBIM
[1aroM U3MEeHeHHsI OpAnHATHI (Tabm.2.2).

Ta6mmma 2.2 — IToctpoeHue TabiuIbl 3HaYeHUH (DYHKITMM Ha THAITa30He

No Oynkius f(x) Hwnamazon x [ITar u3meHeHus x
1 f(x)=x — ¥ —6x+3 [-1:2] h=0.5.

2 flx)=x" -5 +x+4. [2: 3] h=1,5.

3 f(x)=x"—5x" —2x+I18. [=2:-1] h=0,25.

4 filx)= —x —dx —x+2. [-3:0] h=10.5.




5 f(x)=—x+5x"-x-7. [-1:2] h=0.6
6 flx)=x"+x" —16x—18. [—4:-1] h=04.
7 flx)=x"+6x" —x—25. [-3:-1] h=0,35.
8 fix)=—x"—5x"—2x+6. [-3:-1] h=03.
9 flx)=—x"—4x" —x+4._ [-1: 2] h=0.6.
10 flx)=—x"—d4x" +11x+25. [-2: 2] h=07.

2. IMoctpoiite rpaduk GpyHKIMU U3 TAOIUIEL 2.2, BEIOpaB 3P PEKTUBHBIN TUAMTA30H.

3. Haitnure Bce 3HaueHwus, mpu KOTOpsIx f(x)=0.

4. HalliuTe TOUKU IKCTpeMyMa (QYHKIUHN U 3HAUeHUE (PYHKLUHU B 3THUX TOUKAX.

5.3anaBas 3HaYeHHE MEPEMEHHOH a, MOCTPONTE KacaTeNbHYI K Tpaduky (QyHKIHH B
TOUKE ¢ abcuuccoi X=a.

6. Hailimure Bce Toukm mepecedeHuss rpaduka (yHKIMHA C JUHHEH, 3a/JaBaeMoi
ypaBHEHHEM U3 TaOIUIIbI 2.3.

Tabmuna 2.3 — [Noctpoenne nepecedeHust QyHKIUH C JIMHUCH

No Oynknus f(x) YpaBHeHUE TUHUA
1 flx)=x —x' —6x+3 (x=17+y* =4.

2 flx)=x" =5 +x+4. X+ =8,

3 flx)=x"—5x" —2x+18. v —5x" =38,

4 fx)=—x"—d4x" —x+2. 16x° —y* =1.

5 flx)=—x +5x"—x-7. ¥ —20x" = 10.

6 flxy=x"+x" —16x—18. x=2) + " =30,

7 fix)=x"+6x" —x—-25, ¥ —20x% = 40.

8 flx)=—x"=5x" -2x+6. ¥ =302 =10.

9 flx)=—x"-4x"—x+4. Ax+1)" +y* =9,
10 fix)=—x"—4x" +11x+25. S(x—2)* + 1 = 106.

Conep:xxanue oTyera

IIo BeIIOIHEHHOM pa60Te cocTaBiseTcsa ordeT. OTUEeT BBINOJHACTCH B SJICKTPOHHOM

Buje. [1o BeIMONTHEHHOMY OTUYETY MPOBOAMTCS 3alllUTa JIaOOpaTOPHOU PadOTHI.

Otuer mo maboparopHOW paboOTe MOIKEH COCTOATh M3 CIEAYIOUIMX CTPYKTYPHBIX

JJIEMEHTOB:
- TUTYJIbHBIN JIUCT;
- BBOJIHAs 4aCTh;

- OCHOBHAasA 4aCTh: OIIMCAHHUC paGOTBI, BKIIFOYAOIEC CKPUHIIOTBI I[CﬁCTBHfI;

- 3aKJIIOYCHUE (BBIBOJIBI).

BBOI[HaH YaCTb OTUCTA AOJIKHA BKIIIOYATh IIYHKTHI:




- yCJIOBHE 3a1a4H;

- HOPAOOK BBITIOJTHCHUA.

- IPOTrpaMMHO-aNIapaTHbIE CPECTBA, UCIIOIB3YyEMbIE TIPU BBITIOJIHEHUU PabOTHI.

3ammra oT4era 1o J1abopaTopHON paboTe 3aKITF0YaeTCsl B IPEABSIBICHAH MIPEIIO1aBATEITIO
MOJTYYEHHBIX pe3yJbTaTOB B BHJE (hailia M JEMOHCTPALUK MMOJYYSHHBIX HAaBBIKOB MPU OTBETaX
Ha BOIIPOCHI TIPETIOAaBaTEIs.

KonTpoJbHbIe BOIPOCHI

1. Uto Takoe s3KCEpUMEHTAIbHBIE UCCIEAOBAHUS U C KAKOW LETbI0 OHU TPOBOAATCS?

2. [laiiTe onpeneneHne MaTeMaTUYECKON MOJIEIH.

3. OxapakTepusyuTe 3Tanbl MATEMATHYECKOTO MOICIUPOBAHMUSL.

4. Yro sBisiercs paboyrM HHCTPYMEHTOM CTaTHUECKOTo aHann3a?

5. [laiiTe onpeneneHne CTaTUCTUYECKON TUIIOTE3bI?

6. Kakue ommOku BcTpeyaroTcs Py BHIOOPOYHOM HAOIIOICHUN ?

7. IlepeuniciiiTe OCHOBHBIE MPABHIIA, KOTOPBIE JOJKHBI BBITIOIHATHCS MPU MPOBEICHUH
CTaTUCTUYECKUX HAOIIOAECHUIA.

8. UTO Takoe KOppesiuOHHAs CBSI3b?

9. OxapakTepu3yiTe METO/Ibl BBISIBIICHUSI KOPPEJIALIMOHHOMN CBS3H.

10. OnummTe BUIABI MOAETUPOBAHUA.

JlaGopaTopHas padora 3. O0padoTka JaHHBIX B MH/KEHEPHBIX pacyerax

[lenb paboTel: HayunThest HCTIONb30BaTh MAaTEMAaTUYECKUE M CTATUCTUYECKUE QYHKIMH B
cucreme MathCAD.

OcHoBBI TEOPUH
OcHoBHbBIE CBOCTBA MO/Ie/IH U MOAETHPOBAHHUSA

['paHuIlbl MEXIy MOACISAMH Pa3IUYHOTO BHJIAa BEChbMa YCJIOBHBI. MOYKHO TOBOPUTH O
pa3IMYHBIX pEeXHMaxX HUCIONb30BAHUS MOJIEJEH - HMMHUTAIMIOHHOM, CTOXaCTUYECKOM,
JTUHAMUYECKOM, JETEPMUHUPOBAHHOM U JIP.

Kak mpaBuio, monens BkiItouaeT B cebs: 00bekT O, cyObekT A (He 00s3aTeNbHO) ,
3amauy Z, pecypcol B, cpeny monenupoBanus C.

Monens MOXHO TIPEICTaBUTH popMaibHO B Buge: M =<0, A, Z, B, C>.

OCHOBHBIE CBOMCTBA JHO00I MOIEIIH:

1. LleneHanpaBiIeHHOCTh - MOJENb BCET/Ia OTOOpaKaeT HEKOTOPYIO CHCTEMY, T.€. UMEeT
IeJIb TAKOT'O 0TOOpaKEeHMUS,

2. KoHeyHoCcTh - MoOJETh OTOOpa)kaeT OpUTHHAN JIMIIb B KOHEYHOM YHCIE €ro
OTHOIIECHUH U PECYPCHI MOJCTHUPOBAHUS KOHEUHBI;

3. YIOpoIeHHOCTh - MOJIETTh 0TOOpakaeT TOJBKO CYIIeCTBEHHBIE CTOPOHBI 00BEKTa U OHA
JOJDKHA OBITH MTPOCTA JIJISl UCCIICIOBAHUSI HJTA BOCIIPOM3BEICHNS,

4. HarnsamHocTh, 0003pUMOCTh OCHOBHBIX €€ CBOWCTB U OTHOIIICHUIA;

5. JIOCTYITHOCTh ¥ TEXHOJIOTUYHOCTD JIJISl UCCIICIOBAHUSI HJTH BOCIIPOM3BEICHNUS,

6. MlubopMaTUBHOCTh - MOJENb JODKHA COAEPKATh JOCTATOYHYIO HH(POPMAIUIO O
cuctemMe (B paMKax THUIOTE3, MPUHATHIX TPH TIOCTPOCHUH MOJEIN) W JOJKHA J1aBaTh
BO3MOXXHOCTbH MOJTY4aTh HOBYIO HH(POPMAITHIO;

7. lonHOTAa - B MOJIEIM JOJDKHBI OBITH YYTEHBI BCE OCHOBHBIC CBSI3M W OTHOIICHHS,
HEoOX0UMBIC I 00eCTIeYeHHs 1IeTTH MOJICIIUPOBAHHS,

8. YmpaBisieMocTh - MOJENb JODKHA UMETh XOTS Obl OJUH TapameTp, U3MEHEHUSIMHU
KOTOPOTr'0 MOYXXHO MMUTHPOBATH MOBEJICHNE MOACIUPYEMOM CUCTEMBI B PA3JIMUHBIX YCIOBUSX.

7KM3HEeHHBIH LUK MOJAEJIMPYEMOH CHCTEMBI

JKW3HEHHBIN LUK MOEIUPYEMON CUCTEMBI COCTOUT U3 CIEAYIOUINX ITAIOB:

1. Coop wuHpopmaiuu 00 O0OBEKTE, BBIABMKEHUE THUIOTE3, MPEABAPUTEIBHBIN
MOJIETIbHBIN aHAIIN3;



2. IlpoekTHpoBaHuE CTPYKTYPBI U COCTaBa MoJiesiel (moamoieneil);

3. [locTpoenue cnenudukanmii Moaenu, pa3padoTka U 0TJIaJIKa OTACTBHBIX TTOIMOICIICH,
cOopka MOJIeNIU B 1I€JIOM, HACHTU(UKALUS (€CIIM 3TO HYKHO) ITapaMeTPOB MOJIETICH;

4. UccnenoBanue MOJEIM - BBIOOp MeETOJa HUCCIIEOBaHMS U pa3paboTka ajaropurma
(mporpammsl) MOJEIUPOBAHMS;

5. UccnenoBaHue aieKBaTHOCTH, YCTOMYMBOCTH, YyBCTBUTEIILHOCTH MOJIEIH;

6. OnieHka cpeCcTB MOJEINPOBAHUS (3aTPauE€HHBIX PECYPCOB);

7. UnTeprnperaiiys, aHajiu3 pe3ysIbTaTOB MOJEIMPOBAHUS U YCTAHOBJIEHHE HEKOTOPBIX
IIPUYMHHO-CJIEICTBEHHBIX CBS3€H B UCCIIEyEMON CUCTEME;

8. I'eHepaniys OTUETOB U MPOEKTHBIX (HAPOJAHO-X03IUCTBEHHBIX) PEIICHUN;

9. YTounenue, MoupUKaIs MOAETH, €CIIM 3TO HE0OX0AUMO, U BO3BPAT K UCCIIETyeMON
CUCTEME C HOBBIMU 3HAHUSIMU, MOJTYUYEHHBIMU C IIOMOIIBIO MOJETU ¥ MOJEIINPOBAHHUS.

MopenupoBaHue KaKk MeTO] CHCTEMHOI0 aHAJIH3A

Yacto B CHCTEMHOM aHAlM3¢ TPH MOJICIIBHOM TIOJAXOAE HCCIICJIOBAHHS MOXKET
COBepIIaThCs OJHA METOJAMYECKas OMMOKa, a UMEHHO, - IIOCTPOCHHE KOPPEKTHBIX U aJIEKBAaTHBIX
Mojieniel (ImoAMoIeNieii) MOJACHCTEM CUCTEMBI M WX JIOTHUSCKH KOPpPEKTHAas yBs3Ka HE JacT
rapaHTH KOPPEKTHOCTU MOCTPOSHHOM TaKUM CITIOCOOOM MOJIETH BCEH CHCTEMBI.

Monenb, mocTpoeHHass Oe3 ydeTa CBS3€H CHCTEMBI CO CpEIOW, MOXKET  CIYKHTh
MOATBEPXKJICHUEM TeopeMbl ['eensi, a TouHee, ee CIeACTBUS, YTBEPKIAIOIIETO, YTO B CIOKHOM
M30JITMPOBAHHON CHCTEME MOTYT CYIIECTBOBATH UCTUHBI M BBIBOIBI, KOPPEKTHBIC B ATOW CHCTEME
1 HEKOPPEKTHBIC BHE €€.

Hayka MoJenMpoBaHHS COCTOMT B Pa3JICJICHHM IPOIECCa MOJICITUPOBAHHS (CHCTEMBI,
MOJIeTTM) Ha OJTambl (MOJCUCTEMBI, MOIMOJEIH), NETaTbHOM H3yUYEHUU KaXJOro JTara,
B3aMMOOTHOIIICHHM, CBSI3¢H, OTHOIICHUH MEXJTy HUMHU U 3aTeM 3()(PEKTUBHOTO ONMMCAHUS UX C
MaKCHMaJIbHO BO3MOYKHOH CTETEeHbI0 (popMalin3aluy U aIcKBaTHOCTH.

B ciydae HapymieHHS STHX MpaBWi TOJydaeM HE MOJCIb CHCTEMBI, a MOJICNb
"cOOCTBEHHBIX U HEMOIHBIX 3HAHMI".

MoenupoBaHue paccMaTpUBaeTCs, Kak 0codast popma IKCIIEpUMEHTa, IKCIICpUMEHTa He
HaJ CaMUM OpPWUTHMHAIIOM, T.€. TMPOCTHIM WM OOBIYHBIM AKCIEPUMEHTOM, a HaJa KOMHEH
opuruHana. 37ech BaXXeH U30MOP(PHU3M CHUCTEM OPUTHHAIBLHON U MOJICITEHOM.

N3omopdusm - paBeHCTBO, OJMHAKOBOCTH, IOJO0HE.

Mojienu 1 MOJICTTUPOBAHUE IIPUMEHSIOTCS TI0 OCHOBHBIM HAIPABJICHHSIM:

- B 00y4YeHHH, B MO3HAHUH U pa3pabOTKe TEOPHH UCCIETYEMBIX CHCTEM;

- B POTHO3UPOBAHUH (BBIXOIHBIX JIAHHBIX, CUTYaIHi, COCTOSHUH CUCTEMBI),

- B YIIPaBJICHUH (CUCTEMOM B 11€JIOM, OTJICIILHBIMU €€ MOJICUCTEMAaMH ),

- B aBTOMATH3aIUH (CHCTEMBI HJIH €€ OTJICIBHBIX ITOJACHCTEM).

Kaaccudukanus BUA0B MOIeTHPOBAHUS

Momempopazme

ErmEcine Marrerre oo

A TmTIEE Eovomsomepme

apmerme CTarHCTI RO

B b

Hrerrarro awoe

Pucynok 3.1 - Knaccuduxanwst BUIOB MOICTUPOBAHUS



[Ipu ¢uznyeckoM MOIETMPOBAHUHM HCIOIB3YETCS cama CHUCTeMa, TUO0 MojoOHas eil B
BHJIC MaKeTa, HapuMep, JICTaTeIbHBIN anmapar B adpoJIMHAMHYECKON Tpyoe.

MareMatuueckoe MOJEIUPOBAHUE €CTh IMPOLIECC YCTAHOBJIEHUSI COOTBETCTBUS peaIbHOM
CHUCTEME S MaTeMAaTHYeCKOW MoIesn M 1 HccienoBaHue 3TOW MOJIEINIH, TTO3BOJISIONIEE MOTYYUTh
XapaKTEPUCTUKU PEAIbHON CUCTEMBI.

[Ipy aHATUTHYECKOM MOJEIMPOBAHUU TIPOIECCHl  (DYHKITMOHHPOBAHUS JIIEMEHTOB
3aMUCHIBAIOTCS B BHJIE MaTEMAaTHUYECKUX COOTHOLICHHWH (anre0panyecKux, HHTErpajbHbBIX,
i pepeHInanTbHBIX, TOTUYECKUX U Ip.).

AHanuTudeckas MOACIb MOXKET OBITh UCCICAOBAHA METOIAMMU:

- QHAIUTUYECKUMH (YCTaHABIMBAIOTCS SIBHBIC 3aBUCHMOCTH, MOJIY4YalOTCs,, B OCHOBHOM,
aHAJIMTUYECKUE PEILICHHUS );

- YUCJICHHBIMH (I10JIy4at0TCs MPUOIMKEHHbIE PEIICHNS);

KowMmmberoTepHoe mMareMaTHdeckoe MoAenupoBaHue (GopMynHpyeTcs B BHIE alropuTMma
(mporpammbl st OBM), 9TO MO3BOJIAET TPOBOAWUTH HAJ MOJCIBI0 BBIYHCIUTEIBHBIC
JKCIIEPUMEHTHI.

YucrieHHOe MOICTUPOBAHUE HCTIONB3YET METO/bl BEIYUCIUTEILHON MAaTEMATHKH.

CratucTrueckoe MOJEIUPOBAHKUE UCIIONB3YeT 00padOTKYy AAHHBIX O CHCTEME C IEIbI0
MTOJTYYCHUS] CTATUCTUIECKUX XapAKTEPUCTHUK CHCTEMBI.

NmutanioHHOE MOJENMpPOBAHUME  BOCHPOM3BOAUT Ha OBM (umuTupyer) mnpoiiecc
(YHKIIMOHUPOBAHUSI  UCCIEAYEMOW CHUCTEMBI, COOJIO/as JIOTUYECKYI0 H  BPEMEHHYIO
MOCJIEI0BATEIbHOCTh MPOTEKAHUsI MPOLECCOB, YTO MO3BOJISIET y3HATh JIaHHBIE O COCTOSIHUU
CUCTEMBI WJIA OT/ACIBHBIX €€ DJIEMEHTOB B OTPE/ICIICHHBIC MOMEHTHI BPEMEHHU.

[IpumeHeHne MaTeMaTHYeCKOr0 MOAEIUPOBAHUS IO3BOJISIET HCCIENOBAaTh OOBEKTHI,
peanbHbIC SKCTIEPUMEHTHI HaJl KOTOPBIMU 3aTPyTHEHBI WIH HEBO3MOKHBI.

DxoHoMHYecKHid A((HEKT MpU MaTeMaTUYECKOM MOJEIHPOBAHUHM COCTOUT B TOM, UYTO
3aTpaThl HA MPOCKTUPOBAHUE CUCTEM B CPEIHEM COKpamarTes B 50 pas.

Mathcad — cucrema KOMIIBIOTEPHOI aJredpbl

Mathcad — cuctema KOMIBIOTEpHON areOphl U3 Kilacca CUCTEM aBTOMAaTHU3MPOBAHHOTO
NPOCKTHPOBAHUS, OPHEHTUPOBaHHAas Ha MOJrOTOBKY HWHTEPAKTHBHBIX JOKYMEHTOB C
BBIUHCICHUSIMU U BU3YaJIbHBIM COINPOBOXKJIEHUEM, OTJIMYAETCS JIETKOCTHIO HCIOJIb30BAaHUS M
NPUMEHEHHUS JJIs1 KOJUIEKTUBHOU PabOTHI.

[Mupokuit unTepec k cucreme Mathcad mpusen k Ttomy, uro B Poccun HakoHeU-TO
MOSIBUJINCHh KHUTHU 1O OTJENbHBIM BepcusiM. Cuctema Mathcad 6buta cozmana B 80-x romax B
yuuBepcutere Crandopaa (CILLIA).

CoBpemeHHbIE BEPCHUU JUIS ITIK rotoBuT ¢upma MathSoft Application.
JIOCTOMHCTBO — MIPOrPaMMUpPOBAHNE HA  S3bIKE  MAaTEMaTHKU. OTO0  YHHUBEpCAJbHBIN
MaTeMaTHYecKuil nuTepdeiic:

- EcTp MomHas nogaep:xka rpaduku.

- Bo3amoskeH uMmopt rpaduku u3 Apyrux MporpaMm.

- Bonpmioe koMYeCTBO BCTPOSHHBIX MaTeMaTUYECKUX (PYHKIMHA (COTHN).

- BctpoeHHble cripaBOYHUKH MO MIPEMETHBIM 00JIACTSIM.

- Bo3morxaa anuManms.

- CUMBOJIbHAsI MaTeMaTHKa.

Henocratkwn:

- DTO UHTEPIIPETATOP.

- Bo3moskHOCTH ITPOrpaMMUpPOBaHUS OTPAaHUYEHBI.

Cuctembl Mathcad monb3yroTcsi OrpOMHOI MOMYJISIPHOCTBIO BO BCEM MHUpe Oiaropaps
YAOOHBIM Cpe/ICTBAM MOJATOTOBKU JOKYMEHTOB, UIMEIOIIMUX BUJ OOBIYHBIX CTaTed WM KHUT. B TO
’KE BpPEMS OKAa3bIBAETCs, YTO OTU CPEACTBA BIIOJHE JOCTATOUHBI AJIS PEIICHUs MOJABIISIOIIETO
OO0JIBIIMHCTBA 3a7]a4 M0 MaTeMaTHKe, GU3UKU U APYTUX HAMPABICHUNA HAYKU U TEXHUKH.

Mathcad sBisieTcss MareMaTudeck OPUEHTHPOBAHHBIMH YHHBEPCAJIBHBIMU CHCTEMaMHU.
[TomMrMO cOOCTBEHHO BBIYMCICHHWN OHHM TO3BOJSIOT pemaTh oQopMmuTenbckue 3anadu. OHH
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MIO3BOJIAIOT TOTOBUTH CTAaThbU, KHUTH, AUCCEPTALUN, HAYYHBIE OTUYETHI, TUIUIOMHBIE U KypCOBBIE
MIPOEKTHI C JIOCTYIHBIM HAOOPOM CaMBIX CIIOXKHBIX MaTeMaTH4YeCKHX (OPMYJ U M3BICKAHHBIM
rpauuecKuM MpeICTaBICHUEM Pe3yIbTaTOB.

C camoro mepBOoro cBoOero MosiBICHHUs cucTeMbl kinacca Mathcad umenu ynoOHBII
MI0JIb30BATENbCKUNA HHTEP(Eic — COBOKYITHOCTh CpPEICTB OOIICHMS C MOJb30BAaTElIEM B BHJIE
MacHITaOUPyEMBIX M MEepEMEIIaeMbIX OKOH, KHOMOK M MHBIX AJIEMEHTOB. Y ATOW CHUCTEMBI €CTh
3¢ PeKTHUBHbBIE CPEICTBA TUIIOBOW HAYYHOH IpadUKH, OHU MPOCTHI B IPUMEHEHUU U HHTYUTUBHO
noHsTHeI. CiioBoM, cuctembl Mathcad opueHTHpOBaHBI Ha MaccoBOTrO TMOJb30BaTeNsd — OT
YYEHHKA Ha4aJIbHBIX KJIACCOB JI0 aKaJEMUKA.

Hecmotps Ha To, 4TO 3Ta mporpamMma B OCHOBHOM OpPHEHTHpPOBaHa Ha MOJIb30BaTENIEH-
HernporpaMMucTtoB, Mathcad Takke wucmonb3yeTcss B CIOXKHBIX — INPOEKTaX, YTOOBI
BU3YaJIM3UPOBATh PE3yJIbTaThl MAaTEMaTHYECKOrO0 MOJEIUPOBAHUS, IyTeM HCIOIb30BaHUS
pacripesieIéHHBIX BBIYUCICHUN U TPaJUIMOHHBIX S3BIKOB MporpaMmmupoBanus. Tawoke Mathcad
4acTO MCIONB3YeTCsS B KPYIHBIX HMH)KEHEPHBIX IIPOEKTax, I/e O0JbllIoe 3HaYeHHE UMEET
TPacCUpPyEMOCTb U COOTBETCTBUE CTaHIAPTAM.

Mathcad mocraTodHo ya00HO UCTIONB30BaTh AJIsI O0yUEHHUS, BEIYUCICHUN U WHKEHEPHBIX
pacueroB.  OTKphITasg  apXUTEKTypa NPUIOKEHUS B  COYETAaHUUM C  MOAJEPIKKON
texHosornii NET u XML 1no3BoJISrOT JIETKO HHTETPUPOBATh IPHIIOKEHHE.

PaccmoTtpuMm Hanbosee 4acTo mpuMeHsieMble (YHKIMU A CTAaTUCTHYECKUX PacyeTos,
KOTOpBIE BCTPOEHBI B IPOTPAMMY .

@®ynknusa RND(X).

B cratnctideckux pacdeTax MpU MOICITUPOBAHUN PA3TUIHBIX (DH3HUECKUX IMPOIIECCOB
IIUPOKO TpUMEHsieTcsl BcTpoeHHas ¢yHkius RND(X), HMHUIMATU3Upyolias TeHepaTop
CIIYYalfHBIX YHCEll. 311eCh X 3aHaéTcs KaK PaHKUPOBAaHHAS MEPEMEHHAS M OMPEICNIIeT YHCIIO
clydaiiHbpIX uucell. Hampumep, Uis MOJNydeHUs JECATH CIy4YalHBIX YHCEN CIEAyeT 3ajaTh
uareppan X = 0..9.

@OYHKIHMHN alNPOKCUMALUHA

Jlna npencraBieHus GU3NUECKUX 3aKOHOMEPHOCTEH, a TakXKe MpHU MPOBEJICHUN HayYHO-
TEXHUUYECKUX pacueTOB MHCIIOJIB3YIOTCS 3aBUCHUMOCTH BHJA Y(X), HO 4YHCIO TOYEK OTHX
3aBUCUMOCTe orpanuueHo. [Ipy sToM BoO3HHKaeT 3ajadya NPUOIMIKEHHOTO BBIYMCIICHUS
3HAYeHUH (QYHKIUH B MPOMEXKYTKAaX MEXAY Y3JIOBBIMH TOUYKAMHU M 3a UX mIpeienamu. Taxas
3a/1ava pemaeTcsl anmpoKCUMaIued UCX0JHOW 3aBUCHUMOCTH, TO €CTh €€ MOJAMEHONU KaKoW-Tn0o
gocTatouHo mpoctoil ¢yHkumen. B cucreme Mathcad mnpenocraBiseTcss BO3MOXKHOCTh
anmnpOKCUMAIUH IByMs TUIIaMH (PYHKIMNA: KYCOUHO-TMHEIHON U CTIafHOBOM.

[Ipy KycOUHO-MHENHOW UWHTEPIOJSALUN  BBIUMCIECHUS JOINOJHUTEIBHBIX TOYEK
BBITIOJIHAIOTCA IO JIMHEWHOW 3aBUCUMOCTH. TO €CTh, MpH JIUHEWHOW AIlMPOKCUMAILUH y3JIOBbIC
TOYKH COCAMHSIOTCS OTpe3KaMU MPSAMBIX JIMHUH, Ui Yero MCHOJb3yeTcss (QYyHKIUSA
Linterp(VX,VY,x)— nunelinas unTepnonauus, rae VX, VY— BeKTOpbl KOOPIWHAT Y3JIOBBIX
TOYEK, a X — 3aJaHHbIi aprymeHT. [Ipu HeOoJbIIOM YHCIIE Y3JOBBIX TOYEK JMHEWHas
MHTEPIIONIALMSA OKa3blBae€TCs JIOBOJBHO TpyOoifl. Jlaxke mepBas mnpou3BoAHAs (QYHKIMS
aNMpOKCUMAIMK TOJIYy4YaeTcsl ¢ PE3KUMU CKauyKaMU B y3JIOBBIX TOukax. [loaTomMy mpuMeHsIOT
GYHKIUIO CIUIalfH-anmnpakCcUMalluu.

[Ipu crutaitH-anmpoKCUMAaNUu UCXoaHast (PYHKIMS 3aMEHSeTCsl OTpe3KaMu KyOW4ecKHux
MOJIMHOMOB, MPOXOJIALINX Yepe3 TPU CMEKHbIE y3110Bble TOUKU. KoaddunueHTs! 3T0i GyHKINH
pacCUUTHIBAIOTCA TaKUM 00pa3oM, YTOOBI MepBasi U BTOpasi MPOU3BOIHBIE ObUIM HEMPEPHIBHBIMHU.
Jlunus, omnwMchIBaromas —cCrlaH-QyHKIMIO, HamoMuHaeT 1o Qopme THOKYIO JIHMHEHKY,
3aKpEIJICHHYIO B Y3JI0BBIX TOYKaX.

[Taker Mathcad — cucrema KOMIbIOTEpHOW anreOpsl M3  Kjacca CHUCTEM
aBTOMATHU3MPOBAHHOI'O IPOEKTUPOBAHUS MTOHATHSI SKCIIEPUMEHTA U MATEMaTHUECKON MOJEIIH.

[lepeuucnuM OCHOBHBIE BCTpOCHHbIE (YHKIUHM, NMPUMEHSEMbIE IS CTaTUCTHUYECKOM
00paboTKM JaHHBIX: CcIUIaiHOBOM ammpokcumanuu (pspline, Ispline, interp), nuHeiHOM



perpeccun (cotr, intercept, slope), moTuHOMHUANBEHON perpeccuu (regress), TMHEHHON perpeccuu
obmero Buaa (linfit), HenuHelHas perpeccust oOuiero Buga (genfit), GyHKIUS TpeacKa3aHUs
(predict). PaccMoTpuM MTUHEWHYIO HHTEPIOIALMIO.

JIuHelHAs THTEPIOJISIUA

Bekropb! nexoubix Jadabix X 0 YA = csort(A,0)

G s —

[ e I o1 B W]

X =AY v .= AVf(z) = linterp(X,Y.2) f(2)=3  f(7)=6
CniaiiHoBast HHTEPIIOJAI NS

S = espline(X,Y) fs(x) :=interp(S, X,Y,x)fs(2) =3 fs(7) = =2.067
Kak Mbl BUIUMM, 3HA4Y€HUsT TOYEK NPH JHMHEHHOW W CIUIAMHOBOM WHTEPHOJISIIUN
Pa3IUYHBL.

[ToctpouM rpadukyd NTUMHEHHOW W CIUIAfHOBOW WHTepnossammid. Jlmst sToro 3amaercs
KOJIMYECTBO TOYEK U IIar.

mazx(X) —min(X)

i:=0.length(X)—1 scale := 100 j = 0..scalex; = min(X)+j {
: scale
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Pucynok 3.1 - JIuneiiHas u crutaitHoBast MHTEPIIOISAIUN

IlocTanoBKka 3a1a4u K JJadopaTopHoi padorte 3

1. M3yuuTh npenaraeMblii TEOpETUUECKUI MaTepHUall.

2. BBINIOMHUTD JIMHEMHYI0 M CIUIAHOBYIO HMHTEpHoJsiuu. VcxonHble aHHBIE A
BBITNIOJIHEHMSI 3a/1aHus | npeacraBieHs! B Tadbaune 3.1.

3. [TocTpouTs rpaduku TUHEHHON U CTUIAMHOBOW WHTEPIIOJISAIINH;

4. BBINONHUTH HACTPOMKY BUJAA IpaMKOB C IEIbI0 MAaKCUMaJIbHONH WH(POPMATUBHOCTH,
OTpa3uTh IIarkd IO HAcTpoiike TpauKOB B CKPHUHILIOTAX OTYETa, OOOCHOBATH BHIOpAHHBIC
napameTpsl 0QpOpMIICHHS TPapUKOB.

5. ITocTpouTh OTYET, BKIFOYAONINI rpadUKKH JTHHECHHOW M CIIAHHOBOW WHTEPHOJISAIINH,
OlMMCaHue BHIOOpA KOJIMYECTBA TOYEK M IIara MHTEPIOJSIUU, CKPUHIIOTHI XOAa BBITIOJTHEHUS
paboThI, ONMCAHKUE JICHCTBHM.

6. Odopmuts otueT Mo naboparopHoit pabore. IIpencTaBuTh OTYET MO JTAOOPATOPHOM
paboTe JJ1s 3aIIUTHI.



BapuaHThl HHIMBUAYAJIbHBIX 32IaHUI

B coorBercTBUM ¢ Tabnuuei 3.1 BBIMNOJHUTH JIMHEWHYIO U CILIAfHOBYIO MHTEPIIOJSAIINH,
MOCTPOUTh TpadUKU JTUHEWHOW M CIUTAHHOBOM MHTEPIOJSAIMM, BBIOJHUTH HACTPOMKY BHIA
rpaduKoB, cAeNaTh COOTBETCTBYIOLINE CKPUHIIOTHI.

Tabmuua 3.1 — McxoaHble JaHHbIE Ul PacYeTOB

BapuanTts! | 1 _ _ 2_ _ 3_ _ 4_ _ 5_ _ 6_ _ 7_ _

Mexommie | [1 (0] | [2 4 | 5 20 1 0] | 23 1 2 3

PAHTRIE 23 5 8 6 3 35 35| (146 3 4 4
46|19 3 2 4 {9 5711 16 8 5 6 5
85| | [ral |71 [[81f]]|79]]]90]]][89 §

Conepxanue oTyera

[To BBIMONHEHHO! paboTe cocTaBysgeTcs OT4eT. OTYET BBIMOIHICTCS B 3JICKTPOHHOM
Buze. [1o BEIMOMTHEHHOMY OTYETY MPOBOAUTCS 3allUTa Ja00paTOPHOM paboTHI.

Otuer O JA0OpAaTOpHOW pabOTEe MOJDKEH COCTOATh M3 CICAYIOUIMX CTPYKTYPHBIX
AIIEMEHTOB:

- TUTYJIBHBIH JIUCT;

- BBOJIHAS YaCTh;

- OCHOBHas 4acTh (omucaHue paboThI);

- 3aKJIF0YEHHE (BBIBOJIBI).

BBojiHast 4acTh OTYETA TOHKHA BKIIFOYATh MTYHKTHI:

- YCIIOBHE 33J1a4H;

- TOPSZIOK BBITIOJTHEHHS.

- IPOTpaMMHO-AaIapaTHbIE CPEICTBA, UCIOIB3yEMbIE MTPH BHITIOJIHEHHH PaOOTHI.

3ammra oT4YeTa Mo J1adopaToOpHO paboTe 3aKITF0YACTCS B MIPEIBSIBICHUH MPETIOIaBaATEITIO
MOJTYYCHHBIX PE3yJIbTAaTOB B BUAE (hailyia M JEMOHCTpAIMH MOJYYSHHBIX HAaBBIKOB TPU OTBETAX
Ha BOMPOCHI MPETIOAaBATEIS.

KOHTpOJ’IbHI)Ie BOIIPOCHI

1. [lepeuncnure AOCTOMHCTBA U HelOCTaTKH cucteMbl Mathcad.

2. [lepeuncnure OCHOBHBIC (PYHKIIMU, TPUMEHSIEMBIC B CTATUCTHYECKON 00paboTKe.

3. st wero npumensiercst pyakims RND(x)?

4. B Kakux cioy4asx IPUMEHSIOTCS (YHKINHU CIUIAIHOBOW alIpOKCUMAIH?

5. Yem ornuuaetrcss GYHKIMS TUHEHHOW perpeccuu oT (YHKIUHU JMHEHHOW perpeccuu
obmero Buaa?

6. JlaiiTe onpeeneHre HEMMHEWHON perpeccuu oomero Buaa?

7. Naiite onpenenenue GyHKITUH MPEACKa3aHus?

8. B kakux ciyyasx (GyHKIUS Mpeacka3aHUs MPUMEHSETCS, a B KaKUX NPUMEHEHUE ee
SIBJISIETCS] HEIEJIECO00pa3HbIM?

9. Ilepeuncnure OCHOBHbIE TEXHOJIOTHH KOMITBIOTEPHOTO MOJEIUPOBAHUS.

10. IlepeuncnuTe HHCTPYMEHTBI KOMITBIOTEPHOT'O MOJICITUPOBAHMUS.

JlaGoparopnas padora 4. Busyaau3anusi HHKEHEPHbIX Pac4eToB

Hens pabotsl: Iloka3arh METOLOJOTUIO KOMIIBIOTEPHOW peaau3alii MaTEeMaTHYECKHUX
BBIUUCIICHUH, IPUMEHUB HHCTPYMEHTBI KOMITBIOTEPHOTO MOJIETIMPOBAHUS.

OcHoBBI TEOPUH

MaremaTuyeckoe MOAeJIMPOBAHHE CJI0KHBIX CHCTEM
Bynem cumrtatrh, 4TO 3JIEMEHT S €CTh HEKOTOPBI O0BEKT, 00JITAFOIINN ONIPEICIICHHBIMU
CBOMCTBaMM, BHYTPEHHEE CTPOEHHE KOTOPOro Ijisi LEeJeH HCCIEIOBAaHUS HE WrpaeT poJH,



HampUMep, caMoJIeT AJIsi MOJCIMPOBAHUS TIOJIETa — HE DIIEMEHT, a JJIsi MOJICITUPOBaHUs PabOThI
a’poTIopTa — JICMEHT.

CBs3b [ MeXAy dJIEMEHTaMU €CTh IMPOLECC UX B3aUMOJICHCTBUS, BXKHBIM AJs Iienei
HCCJIEIOBAHUS.

Cucrema S — COBOKYMHOCTH 3JIEMEHTOB CO CBS3SIMH [ U TENbl0 (DYHKIMOHHUPOBAHUS
cucteMsl F.

CnoxHasi cuctemMa — OTO CHCTEMa, COCTOSIIAs U3 PA3HOTHITHBIX JIIEMEHTOB C
Pa3HOTHITHBIMH CBSI3SIMHU.

Bonpmiasg cucteMa — 3TO CHCTEMA, COCTOAMIAsT M3 OOJBIIOrO 4YHCIa OTHOTHUIIHBIX
SJIEMEHTOB C OJHOTHUITHBEIMU CBA3SIMHU.

B o6miem Buje cucteMy MaTeMaTHUYeCKH MOKHO TIPEJICTaBUTh B BUJIC:

S = {340, 7}

ABTOMAaTU3UpPOBaHHAsl CHUCTeMa S, €CTh CJOXKHAs CHUCTEMa C OMpPEAeISIONIeH pOJIbIo
AJIEMEHTOB JIBYX THUIIOB: TEXHUYECKHUX c;}yez[CTB Sr M ICUCTBUH YeJIOBEKa Sy:

Sﬂ = {ST}J{SH}J{SGI}J{£ }:IF
311eCh Sp - OCTAILHBIE DJIEMEHTEI CUCTEMBL.

JlekoMIO3UIIUS CUCTEMbI. XapPAKTEePUCTUKH CUCTEMbI

I[GKOMHO?:I/II_II/I}I CHUCTEMBI €CTb p2136I/ICHI/I€ CUCTCMbI Ha OJJICMCHTbI WM TIPYIHIIbI
AJIEMEHTOB C YKa3aHHEM CBSI3ed MEXAy HUMH, HEM3MEHHBIMU BO BpeMs (yHKIMOHHPOBAHUS
CHUCTCMBI.

[TpakTHueckn Bce CHCTEMBI paccMaTpUBAIOTCA (PYHKIMOHUPYIOUIMMH BO BpPEMEHH,
IMO3TOMY OIIPCACIIMM UX NTUHAMUYCCKUC XapPAKTCPHUCTUKHU.

CocTosiHHE — 5TO MHOKECTBO XapaKTEPUCTUK AJIEMEHTOB CHCTEMbI, H3MEHSIOIIUXCS BO
BPEMEHU M BXHBIX JJIS IIeIeH ee (yHKIMOHUPOBAHHUS.

[Tpouecc (auHaMMKa) — 3TO MHOKECTBO 3HAUEHUN COCTOSIHUN CHCTEMbI, U3MEHSIOIIUXCSI
BO BPEMEHH.

[lenp pyHKIMOHMpPOBAHUS €CTh 3ajauya MOJYUYEHUS >KETAeMOr0 COCTOSHUSI CHUCTEMBI.
JlocTmkeHne 1LeiauM  OOBIYHO BJIEYET LIEJICHANPABICHHOE BMEIIATENBCTBO B IPOLECC
(GyHKIIMOHUPOBAHUS CUCTEMBI, KOTOPOE HA3BIBAETCS YIIPABIICHUEM.

1. Pacyer - onpezeneHye 3HaU€HU apaMETPOB CUCTEMBI.

2. AHanu3 — u3y4eHue CBOMCTB ()YHKIIMOHUPOBAHUS CUCTEMBI.

3. CuHTe3 — BBIOOP CTPYKTYPHI U TAPaMETPOB IO 33/IaHHBIM CBOWCTBAM CHUCTEMBEI.

IHapameTpsl cuctembl. Da3zoBasi TpaekTopus. Pa3zoBoe NPOCTPAHCTBO

Iycts T = [to, ti] ecTb BpeMEHHON MHTEpPBAJ MOJEIMPOBAHUS CUCTEMBI S (MHTEpPBAI
MOJIETTLHOTO BPEMEHH).

[locTpoenne Mozenu HauMHAETCS C ONPEAENEHUS NapaMeTpoB U IEPEMEHHBIX,
OTIPEAETSIONNX MpoLecc GYHKIIMOHUPOBAHUS CUCTEMBI.

[Mapametpsl cuctembl ¢,,6.....6,, - 3TO XapaKTEPUCTUKH CUCTEMBI, OCTAIOIIUECS
MOCTOSTHHBIMU Ha BCeM HHTepBaie T.

[lepemenHble ObIBAIOT 3aBUCUMBIE U HE3aBUCHUMBIE.

He3aBucumMbie mepeMeHHbIE €CTh, KaK MPaBHUIIO, BXOAHBIE BO3JACHCTBHUS (B TOM 4YHCIE

YIIPaBJISIONINE)
w=ult) = @p¢),..n, @)U c R*

WMHU MOTYT OBITh TaK)K€ BO3JICHCTBUSI BHEIIIHEH CPEJIbI.
[TocnenoBarenbHOCTh U3BMEHEHUS X(t) mpu

HasbIBaeTCs (a30BOM TPACKTOPUEH CHCTEMBI,

X € X ,rne X — NpOCTPaHCTBO COCTOSHUM WM (a30BOE MPOCTPAHCTBO.
[TocnenoBarenbHOCTh MI3MEHEHHS Y(t) HAa3bBIBACTCS BBIXOAHOM TPACKTOPHEH CUCTEMBI.



3aBUCHMEIC MEPCMCHHBIC €CTh BBIXOAHBIC XapaKTCPHUCTUKU (CI/IFHaJ'ILI)

y=y@)=n)..y, 0)erc r™

MaremaTH4eckasi MOJAe/]Ib CHCTEMbI
Obmas cxema maremarndeckod mozaenu (MM) (QyHKIMOHUpPOBaHHS CHCTEMBI MOXKET
OBITH MPEACTaBJICHA B BUJIE, TOKA3aHHOM Ha PI/IC}/HKC 4.1.

[ |
MHosecTBO nepemeHHpIX |4V 0,x.)

Tt )=z
¥t =...

Ha3bIBAETCS MaTEMaTHUYECKOM MOACIBIO CUCTCMBI.

BMECTE C 3aKOHaMHU (YHKLIIMOHUPOBAHUS

) : HL)

Pucynox 4.1 — MaTtemaTuueckast MOJIEJIb CUCTEMBbI

Ecnu t HenmpepbsIBHO, TO MOJIENb HA3bIBAECTCS HENPEPBIBHOW, HHAYE — TUCKPETHOM:

F=1-Ai=12,.0)

Ecin Mopmens HE CONEPXKUT CIy4YalHBIX  DJIEMEHTOB, TO OHA  HAa3bIBACTCS
JETEPMUHUPOBAHHOM, B TPOTUBHOM CITy4ae — BEPOATHOCTHOM, CTOXaCTUYECKOM.

Ecin MaremaThdeckoe OMHMCAHWE MOJETU CIUIIKOM CIIOXKHOE W YaCTUYHO WJIU
MOJIHOCTBIO HEONPEJICIICHHO, TO B 3TOM CIIydae MUCMOJIb3YIOTCS arperaTUBHbIE MOJIEIH.

CyIIHOCTh arperaTUBHOW MOJENH 3aKI0YacTcs B pPa30OMEHHHM CHCTEMBI Ha KOHEYHOE
YHCIIO B3aMMOCBSI3aHHBIX 4acTeil (MOACHCTEeM), KaXK[ash M3 KOTOPBIX JIOMYCKAaeT CTaHJapTHOE
MaTEeMaTHYECKOE OMMCAaHUE. DTH MOJACUCTEMbI Ha3bIBAIOTCS arperaTaMu.

MonenupoBaHue Ciy4aliHbIX 3JEMEHTOB B CHUCTeMax SBIISETCS OJHOM U3 CaMbIX
0a30BbIX 33/1a4 MATEMATUIECKOTO MOJICIIMPOBAHUS.

Tumnbl 6a30BBIX TaTYUKOB:

- pusuueckue (MFOO0H (QU3MYECKH IIyM), B TOCIEAHEEC BpPEMS MPAKTUYCCKH  HE
UCIOJIB3YIOTCS, T.K. XapaKTePUCTUKU HECTAOMIIbHBI M PEaIU3alii0 IOBTOPUTH HEJb3S;

- TICEBJIOCTYYAHbIE JATYUKH.

TpebGoBanust K 6a30BBIM JaTUYHUKAM:

OTpe30K anepuoJu4HOCTH.

PaBHOMEpHOCTB.

HexoppenupoBaHHOCTS.

DYyHKUUH Perpeccuu.

HIupoko pacnpocTpaHeHHOW 3a1adyeld 0OpabOTKU JaHHBIX SBISETCS MPEACTaBICHUE WX
COBOKYIHOCTH HEKOTOpoil ¢yHkiuen y(x). Takoe mpeacraBieHHe Ha3bIBAaeTCS Pperpeccuei.
3amada perpeccMd B TOM YTOOBI MOJYYHTh MapaMeTphl (PYHKIMHM TAaKUMH, TPH KOTOPBIX
byukuust  npubamxkaer  "oOnako" HMCXOAHBIX TOYEK C HAWUMEHBIICH KBaJpaTUIHOU
MIOTPELIHOCTHIO.

W3BecTHBI:

- JIuneitnas perpeccus (npsiMasi TMHUSA);

- [TonuHOMuanpHas perpeccus (IOJIMHOM);

- Jluneiinas perpeccus o0Iero Buaa (JIMHEWHasi cymMMa MPOU3BOJIBHBIX (PYHKITHIT);



- Henuneitnas perpeccust o6uero Buja (pou3BoibHast PyHKIHS);

- JInnelinas perpeccus.

[Ipu nuneitHo#t perpeccun QpyHKIUSA y(X) uMeeT BUA y(X)=ax+b U omuchIBaeT OTpe30K
MIPSAMOH.

DyHKUUSA NpPeICKAZaHUsA

Ha npakTuke Hepenko MPHUXOIUTCS CTANKUBATbCA C 3ajadyeld pacuéra MOCIETYHOIINX
TOYEK MO PsAy M3BECTHBIX TOUEK — 3adaueidl mpenckazanus. s mpeacka3aHus MOBEIACHHS
dbyukmoHansHOM 3aBHcMMOcTH B Mathcad wumeercs ¢ynkmus: predict (data,k,N) —
npenckasanue, rae data — BEKTOp JaHHBIX, K — 9HCTIO TOYEK MPEIIeCTBYIONINX MpPeCcCKa3aHuIo,
N - 4ncio NpeacKa3bIBaEMbIX TOUEK JaHHBIX.

OyHKIHS TpeCKa3aHus 00eCTIeYnBaET BEICOKYIO TOYHOCTh MTPH MOHOTOHHBIX MCXOHBIX
GYHKIUAX WM QYHKIHSX, TPEACTABIIIEMbIX TTOJITMHOMOM HEBBICOKOH CTEIICHH.

Oyukmust predict MpuUMEHHMMa K TPEACKa3yeMbIM COOBITHUSIM, TIOBEIEHHE KOTOPBIX
ONHCHIBACTCSl pealbHOM MaTeMaTHYecKOM 3aBUCHUMOCThIO. B cTpanax co crabuibHOM
SKOHOMUKOW 93Ta (YHKIMS BIIOJIHE NPUMEHHMA MJi OINUCAHUS CE30HHBIX M CTaOWIBHBIX
KOJIeOaHMil Kypca BaJIIOT, MpUObLUIEH (hupM, Tpojiaxka TOBapOB U.T.J.

[IpuMep nocTpoeHUs TMHEUHON PErPECCUH:

|

1
VY = | L
2
9

(o B

VX = Wexoanoie qannpleORIGN =1

[ S

8
Berancnum ko3 duiinentsr a u b mHeHO perpeccun:
a = intercept(VX,VY) b= slope(VX,VY)i:= 1.6 flx) = a+baxl=—-1.06 b=>5.8

corr(VX.VY)=0,99f(3) = 15,8 linterp(VX,VY,3) =15
[To 3TuM naHHBIM CTpOUM IrpaduK TUHEHHON perpeccuu:
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Pucynoxk 4.2 -JIuneiinas perpeccust

IlocTtanoBka 3a1a4u K 1a06opaTopHoii padore 4

1. U3yuuTh npeajaraeMblii TEOPETUUECKUN MaTepHall.

2. BBIMOJIHUTG MOJIENIMPOBAaHUE MO JAaHHBIM TaOmuiel 4.1, HMCMONB3ys JTUHEHHYIO
perpeccuio.

3. Beruucnutb Ko QHUIUEHTH JIMHEHHOHN perpeccuu, MocTpouTh rpaduk.



4. BBINONHUTH HACTPOMKY BHUJAA I'paUKOB C IEbI0 MAaKCUMaJIbHONH MH(POPMATUBHOCTH,
OTpa3WTh IIard IO HACTpOHKe TpadUKOB B CKPUHIIOTaX OTYETa, OOOCHOBATH BBHIOPAHHBIC
napameTpsl 0QpopMIIeHHS TpadUKOB.

5. Iloctpouts 0TY€T, BKIIOYAIOUMN TpadUKU JIMHEHHOW perpeccuu, OINHUCaHue
MeXaHU3Ma HaXOXJICHUs KOI(P(UIIMEHTOB PErpeccur, CKPUHIIOTHI X0/a BBIIOJIHEHUS PaldoOTHI,
OITMCaHue JECHUCTBHH.

6. Opopmuts otder mo jnaboparopHoil padorte. IlpeacTaBuTh OTUET MO J1AOOPATOPHOU
paboTe IS 3alTUThI.

BapuaHThl HHAMBUAYAJIbHBIX 32IaHUI

B cooTBercTBMM ¢ WHAWBHAYAJIbHBIM 3aJaHUEM IOCTPOUTH MOJEIb JIMHEHHON
perpeccun. VicxoHbIe JaHHBIE JIJIS BBIMIOJHEHUS 3aJaHus TIOMEIIeHbBI B Tabmuie 4.1

Ta6muma 4.1 — UnauBuyabHbIe 3a1aHUS

No 3agaHHbIE BEKTOpa No 3aJaHHbIE BEKTOpa

1 VX=[3, 2, 4, 5] 4 VX=[7, 18, 3, 11]
VY=[7,8,9, 5] VY=[1, 5, 3, 9]

2 VX=[12, 14,7, 11] 5 VX=[24,9, 12, 27]
VY=[6, 8, 10, 15] VY=[9, 3,17, 11]

3 VX=[3,9, 12, 14] 6 VX=[4, 15, 2, 19]
vVY=[7,9, 11, 13] vY=[11,17,1, 13]

Conepxanue oT4yeTa

[To BemMONHEHHOW paboTe cocramiseTcss OoT4eT. OTYET BBIMOTHACTCS B DJICKTPOHHOM
Buje. I1o BeIMOMHEHHOMY OTYETY MPOBOAUTCS 3alUTa Ja00paTOPHOM paboTHI.

Otuer mo mnabopaTopHOW pPadOTEe MOKEH COCTOSITh W3 CIENYIOIIMX CTPYKTYPHBIX
3JIEMEHTOB:

- TUTYJIbHBIN JIUCT;

- BBOJIHAS YaCTh;

- OCHOBHasl 4acTh (onucaHue paboThl);

- 3aKJIF0YCHUE (BBIBOJIBI).

BBogHas 9acTs oT4eTa I0JHKHA BKIIFOYATh ITYHKTHI:

- YCIIOBHE 33J1auH;

- OPSZIOK BBITIOJTHEHHS.

- IPOrpaMMHO-AIIapaTHbIE CPEICTBA, UCIOIb3yEMbIE IIPU BBIMOJIHEHUH PAOOTHI.

3amuTa oT4eTa Mo JJabopaTopHON padoTe 3aKII0UaETCs B IPEIbABICHUH MPENO1aBaTENIO
MIOJIyYEHHBIX PE3yJIbTaTOB B BUAE (hailyia M JEMOHCTpAIMU MOJYyYCHHBIX HaBBIKOB IMPU OTBETAX
Ha BOIPOCHI MPETIOAaBATEIIS.

KonTpoJbHBIC BOIPOCHI

1. MaTemaTtuueckoe MOAETMPOBAHUE CIOKHBIX CUCTEM
2. ®a3zoBas Tpaekropusa. PazoBoe MPOCTPAHCTBO

3. JIeKOMITO3ULIHSI CUCTEMBI. XapaKTEPUCTUKHA CHCTEMBI
4. MaremaTnueckasi MOAEIIb CUCTEMBbI

5. ArperaTtuBHbBIC MOJCIIH

6. TpeboBanus k 6a30BBIM JTaTYMKAM

7. Tunbl 6a30BBIX JATYUKOB

8. MonenupoBaHue ciay4yailHbIX 2JIEMEHTOB

9. ®yHKIMH perpeccuu

10. dyHKIMA npeacKka3aHus



JlaGopaTopHas padora 5. UHppacTpyKTypa HHKEHEPHBIX PACYETOB
Hean padorei: [TocTpoeHne nuarpaMm ¢ MPUMEHEHHEM BBIYUCIUTEIFHON TEXHUKHI
OcHoBBI TEOpUH

IHonsiTue o crarnyeckux rpadpukax. OCHOBHBbIE JIEMEHThI rpauka

[lonydeHHbIiI B pe3yabTaTe CTATUCTMUECKOTO HCCIEJOBAHMS MaTepHal HEPEIKO
n300paxkaeTcss C TMOMOIIBIO TOYEK, F€OMETPUUYECKUX JHMHUA U (QUIryp WU reorpaduyeckux
KapTocXeM, T.e. TpauKOB.

B cratuctuke rpagukoM Ha3bIBaIOT HATJIAHOE M300pa)Ke€HHE CTAaTUCTHUECKUX BEIMYUH
U UX COOTHOIICHUH MPH MOMOIIM T€OMETPUUYECKHX TOYEK, JIMHUH, GUryp mwin reorpaduyeckux
KapTOCXEM.

[IpencraBnenue JaHHBIX B TpaUuecKoM BUE MO3BOJISET peliaTh caMble Pa3HOOOpa3HbIe
3agaud. OCHOBHOE JOCTOMHCTBO TaKOTO IMpeJcTaBieHUs — HarisgHocTh. Ha rpaduxax nerko
IIPOCMATPUBAETCA TEHACHLNSA K M3MEHEHMIO. MOXHO Aa)ke ONpEAEATh CKOPOCTb U3MEHEHMS
TEeHACHIUU. Pa3nuyHble COOTHOIIEHMSI, MPUPOCT, B3aUMOCBSI3b PA3IUYHBIX MPOIIECCOB — BCE
3TO JIETKO MOXHO YBHUJIETh Ha rpadukax.

['paduku mpuUIAIOT U3JI0KEHUIO CTaTUCTHUYECKUX JAHHBIX OOJBIIYIO HATJSAHOCThH, YEM
TaOJUIIBI, BBIPA3UTEIBHOCTh, OOJIErYaloT MX BOCHpHUATHE W aHanu3. CratucTHuecKuil rpadux
MO3BOJIIET  3pUTENBHO  OIEHUTh  XapaKTep H3y4aeMOro SBJICHUS, NpPUCYIIHE EMYy
3aKOHOMEPHOCTH, TEHAEHLMHU  Ppa3BUTHs, B3aMMOCBA3M C JIPYTUMH  [I0Ka3aTelsiMH,
reorpaduyecKkoe pa3pelieHne n3ydaeMbIixX sBJIeHUNA. E1ie B IpeBHOCTH KUTANIIBI TOBOPHIIN, YTO
OJTHO M300pa’keHue 3aMeHsIeT ThicA4y cioB. [ paduku AenaroT craTUCTUYECKU MaTepuan Ooee
MOHSTHBIM, JOCTYIHBIM M HeECTeUUaINCcTaM, MPUBJIEKAIOT BHUMAaHHE HIMPOKOW ayJTIUTOPUH K
CTaTUCTUYECKUM JaHHBIM, HOMYJIPU3UPYIOT CTATUCTUKY U CTATUCTUYECKYIO HH(POPMALIHUIO.

[Tpu 1100601 BO3MOXHOCTM AaHAJN3 CTATUCTUYECKHX JaHHBIX PEKOMEHAYeTCs Bceria
HauMHATh C UX Tpaduueckoro wuzobpakeHus. ['paduk mMO3BOISIET Cpazy MONYyYUTh oOOIIee
npeJcTaBieHue 000 BCel COBOKYMHOCTH CTaTUCTUYECKHX IMoKaszareneil. ['paguueckuii meron
aHajgM3a BBICTYMAaeT KaK JIOTMYECKOE NPOJOJDKEHHE TaOIMYHOTO METOoAa M CIYXKHUT IesIM
MOJlydeHus: O00OOLIAOMIMX CTATUCTUYECKMX XapaKTEPUCTUK IPOILIECCOB, CBOMCTBEHHBIX
MacCOBBIM SIBJICHUSIM.

[Tpu momouy rpadguueckoro n300pakeHusl CTATUCTUYECKUX JaHHBIX PEIIaloTCs MHOTHE
3aJ]a4M CTaTUCTUUYECKOTO MCCIEA0BAHNUSA:

- HaIJISITHOE TIPE/ICTAaBICHHE BEJMYMHBI MOKa3aTeseil (sBJeHUi) B CpaBHEHMU IPYT C
APYTOM,;

- XapaKTepUCTHKA CTPYKTYPbl KAKOTO-JIN0O SBICHUS;

- U3MEHEHME SIBJIEHUS BO BPEMEHU;

- XOJ1 BBITIOJTHEHHUSI T1J1aHa;

- 3aBUCUMOCTb U3MEHEHUS OJIHOTO SIBJICHUS OT U3MEHEHHUS JPYroro;

- pacIpoCTPaHEHHOCTh WJIM pa3MelIeHHe KaKuX-I100 BEJIMYMH 110 TEPPUTOPUH.

Jpyrumu  cioBaMH, B CTaTUCTHUECKHUX HCCIIEIOBAaHUAX IMPUMEHSIOTCA  CaMble
pazHooOpa3Hbie Tpaduku. B xaxaom rpaduke BBHIASISAIOT (pa3auvaroT) CISAYIOIMNEe OCHOBHBIC
JIIEMEHTBI:

- MPOCTPAHCTBEHHbBIE OPUEHTUPHI (CUCTEMY KOOPAHMHAT);

- rpadudeckuii oopas;

- moJie rpaduka;

- MaciITabHble OPUEHTHUPBI;

- OKCITMKaLus rpaduka;

- HAaUMEHOBaHMe rpaduka

Hnorna n.5 1 0.6 o0LeIUHSIOT B OAUH DJIEMEHT.

A) IIpocTpaHCTBEHHBIE OPUEHTHUPHI 33JAIOTCS B BUAE CUCTEMBI KOOPAMHATHBIX CETOK. B
CTaTUCTUYECKUX TrpaduKax yalle BCEro MPUMEHSETCS CHCTeMa MPSIMOYTOJIBHBIX KOOpPJIWHAT.
WHorna ucnosib3yeTcsl MPUHIMIT MOJIAPHBIX (YTJIOBBIX) KOOpAMHAT (KpyroBele rpaduku). B



KapTOorpaMMax CpeICTBaMU IMPOCTPAHCTBEHHOM OPHUEHTALMU SBISAIOTCA TPaHMIBI FOCYAAPCTB,
IpaHUIbl aJIMUHUCTPATUBHBIX €ro 4YacTei, reorpaduueckue OpUEHTUPHI (KOHTYpPHI peEK,
OeperoBbIX JHMHUM Mopeil M okeaHoB). Ha ocsix cucTeMbl KOOpPIMHAT WM Ha KapTe B
OTIpEICNICHHOM TOPSIIKE  pacHojiaraloTcsl XapaKTepUCTUKUA  CTATUCTHUYECKHUX  IPU3HAKOB
n300pakaeMbIX SIBIEHUH wWin mpoueccoB. IIpu3Haku, pacmosaraeMble Ha OCSX KOOpPIUHAT,
MOTYT OBITh KAUE€CTBEHHBIMU MJIM KOJIMYECTBEHHBIMU.

Bb) I'paduueckuit 00pa3 CTaTUCTHYECKHX NAHHBIX IMPEJCTABISAET COOOW COBOKYIHOCTb
nuHUN, Quryp, ToUYek, o0pa3yronmx reoMeTpudeckue (GUrypsl pasHor (Hopmbl (OKPYKHOCTb,
KBaJ[paThl, MPSIMOYTOJIBHUKH U T.II.) C PAa3IMYHON IITPUXOBKOM, OKPACKOH, TYCTOTON HaHECEHUs
TOYEK.

JIroboe siBIEHME, U3y4aeMO€e CTaTUCTHKOM, MOKHO MPEJCTaBUThH B rpaduueckoil hopme.
Jyist aTOrO TpeOyeTcsi HaWTH MpaBUIIbHOE TpaduuecKkoe peleHrne, ONpeIeauTh TOT Tpadruaeckuit
o0pa3, KOTOpbIM Jydllle BCEro COOTBETCTBYET NAaHHOMY SBJICHHUIO, HarJIsiHee H300pakaer
cTaTucTUdeckue JaHHble. ['padumueckuii oOpa3 [OMKEH COOTBETCTBOBATH IeNu TIpaduka.
[TosToMy mepen mocTpoeHHeM Trpaduka HEOOXOJUMO YSICHUTh CYUIHOCTb SIBICHUS U IIElb,
KOTOpasi CTaBUTCA mepen rpadudeckuM uzoOpakeHueM. BriOpannas ¢opma rpaduka nomxHa
COOTBETCTBOBATh BHYTPEHHEMY COACPKAHMIO U XapakTepy CTaTUCTUYECKOTO IOKa3aTels.
Hanpumep, cpaBHeHHe Ha rpaduKke MPOU3BOIUTCS MO TAKUM U3MEPEHUSIM, KaK IUIONIA b, JUIMHA
OJTHOH M3 CTOPOH (PUTYDP, MECTOHAXOXKIEHUEM TOUYEK, UX T'yCTOTOH U T.1.

Tak, nns u3o0OpakeHUsT U3MEHEHUWIl SIBIEHHUS BO BpEeMEHU Haunloyiee €CTECTBEHHBIM
TUIIOM TpaduKa sBisiercs JMHus. [ psioB pacnpeeneHus — HOJIUIOH WK THCTOrpamMma.

Kaxxaplii 3 OCHOBHBIX BHJIOB IpadUyecKuX M300pakeHU B CTATUCTUYECKOM MpaKTHKe
CTPOMTCS C YYETOM ONPEACIECHHBIX MpaBWl. B cTaTUCTUUECKUX MCCIEN0BAHUAX AJIs BBIACHEHUS
XapaKTEepHBIX YepPT U 0COOEHHOCTEN MaCCOBBIX SIBJICHHM, TO3HAHUS TUITMYHOTO B ATHX SBJICHUSIX
U pelieHHs APYTuX 3a/Jad HIMPOKO MCIOJIb3YETCS CPaBHEHUE OJHUX aOCONIOTHBIX, CPEIHUX U
OTHOCHUTEJIBHBIX CTATUCTUUYECKUX BEJTUYMH C APYTUMHU. AHAIHU3 — 3TO, NMPEXKJIE BCETO CPABHEHUE
U COINOCTaBJCHHWE CTAaTUCTHYECKUX JAHHbIX. Hepeaxko  BO3HHMKAaeT  HEOOXOIUMOCTh
COTIOCTABJICHUSI PE3YyJbTATOB CTATUCTHUYECKOIO MCCIEAOBAHUS KOHKPETHOTO SIBICHUS C
BEJIMYMHAMU TUIIMYHOTO (MAEAIBHOrO) SIBJIEHUS aHAJOTMYHOM mpupozsl. [losToMy HarmsiiHOe
npenacraBieHue (rpadguueckoe U300pakeHHE) CpaBHEHMSI CTAaTUCTUYECKUX IIOKa3aTesnei
OTHOCUTCS K Hauboyiee pacHpoCTpaHeHHBIM rpadukaM B craThcTuke. s »TUX 1eneit
MIPUMEHSIOTCS TUarpaMMBl.

Juarpamma — 310 rpaduueckoe n3o0paskeHHe, HarJsIHO MOKa3bIBAIOIIee COOTHOIICHUE
MEXJy CpaBHHBAaeMbIMHM BelWYMHaMU. J[MarpamMma mpencTaBisier coOoil uepTex, Ha KOTOPOM
CTaTUCTUYECKHE JaHHBIE YCIOBHO H300pa)aroTCs NeOMETPUYECKHMHU JIMHUSAMH, QUTypamMH U
TeJIaMM pa3INyuHbIX Pa3MEpPOB.

PaznuuaroT cneayromye OCHOBHbIE BU/BI TPAQHKOB (MarpamMm) CpaBHEHHS:

- CTOJIOMKOBBIE;

- TIOJIOCOBBIE;

- KBaJIpaTHbIE;

- KPyTOBBIE;

- urypHsie.

Jlig mocTpoeHus AuarpaMM HMCHOJIb3YHOTCS CIEIYIOIIME KOMIIBIOTEPHBIE MPOrpamMMBbl
Excel, Mathcad, MATLAB u npyrue.

Jns co3manust rpadukoB B cucteme Mathcad mMeercs mporpamMMHBIN TpaduuecKuii
nporeccop. OCHOBHOE BHUMAaHHE MPU €T0 pa3paboTke ObUIO YACICHO 00ECTICUCHHUIO MPOCTATHI
3ajjaHus TpadUKOB M HMX MOJUPHUKAIMKA C TOMOULIbIO COOTBETCTBYIOLIMX IapaMeTpOB.
[Ipoueccop Mo3BOJISIET CTPOUTH CaMble pa3Hble IpadUKH, HAIpUMEP B JE€KapTOBOW U MOJSPHOI
crcTeMe KOOPAMHAT, TPEXMEpPHbIE TTOBEPXHOCTH, TPaUKH YPOBHEH.

st mocTpoenus rpaduKoOB UCIONB3YIOTCS 11a0I0HBI. VX mepedeHn COACPKUT MOIMEHIO
Graph menio Insert. BoabIIMHCTBO MapamMeTpoB IpaguuecKoro mporeccopa, HeOOXOAUMBIX IS
MOCTPOEHHUS TpadUKOB, 1O YMOJYAHUIO 3aJIa€TCSl aBTOMATHUYECKU, MOATOMY JUIsl HA4aJbHOTO



MOCTPOCHUs Tpaduka TOro MIM MHOTO BHJA JOCTAaTOYHO 3a7aTh THUIl rpaduka. B moamenio
Graph conepXHTCsl CTUCOK M3 CEMH OCHOBHBIX THUTIOB rpadukoB. OHH MO3BOJSIOT BBITOIHUTH
CHEAYIOLIME NECUCTBUSA:

X —Y Plot (nexaptoB rpaduk) — coznaTh abIOH ABYXMEPHOIO rpaguka B JeKapTOBOM
crcTeMe KOOpAMHAT;

Polar Plot (monsipubIil rpaduk) — co3nate mada0H rpaduka B MOJISPHBIX KOOPAUHATAX;

3D Plot Wizard (mactep TpexMepHbIX IpauKoB) — BBI30B MacTepa i MOCTPOCHHUS
TPEXMEpHBIX IPa(UKOB C 3aJaHHBIMH CBOHCTBAMU;

Surface Plot (rpaguk moBepXHOCTH) - cO37aTh IIAOJOH AJIS MOCTPOSHHUS TPEXMEPHOTO
rpaduka;

Contour Plot (xapta nuHUI YpOBHSI) — co3aTh INAOIOH JUIsi KOHTYpHOTro rpaduka
TPEXMEpPHOM MOBEPXHOCTH;

3D Scatter Plot (Toueunslii rpaduk) — co3gaTh IIAOJOH AN rpaduka B BUAE TOUEK
(puryp) B TpexMepHOM MPOCTPAHCTBE;

3D Bar Plot (TpexmepHas cTOJIOMKOBas JAMarpamMma) — cO3[4aTh MIA0JNIOH JUIs
n300paKeHHsI B BUJIE COBOKYITHOCTH CTOJIOMKOB B TPEXMEPHOM MPOCTPAHCTBE;

Vector Field Plot (BexkTopHOE mosie) — co3aath m1abiioH i rpaduka BEKTOPHOTO MOJIs Ha
TUTOCKOCTH.

C nonstHeM rpaduku CBS3aHO TpEACTaBICHUE O IpadUuecKux OOBEKTaX, MMEIOIIUX
ompe/ielicHHbIe CBOMCTBA. B OONBITMHCTBE ciiydaeB 00 0OBEKTax MOXKHO 3a0bITh, €CJIM BBl HE
3aHUMAeTeCh OOBEKTHO-OPHEHTUPOBAHHBIM IPOrpaMMHMPOBAHUEM. BOJIBIIMHCTBO KOMaH]
BBICOKOYPOBHEBOM TpadMKi OPHEHTUPOBAHBI HA KOHEYHOTO IMOJIb30BaTelsl. OHM aBTOMATHYECKU
YCTaHABJIMBAIOT CBOMCTBO TpapUUECKUX 0OBEKTOB M 00ECIIeYNBaIOT BOCIPOU3BEACHUE TpaduKu
B HY>XHOH CHCTeMe KOOpAWHAT, MAIMTPE I[BETOB, MACIITA0€ U T.1.

IHocTpoenue rpaguka noBepxHocTu B cucreme Mathcad.

[TocTpoeHrne MOBEPXHOCTEH MO MATPHUIE ANIUIMKAT MX TOYEK. [IOCKOJBKY »JIeMEHTHI
Matpullbl M — mepeMeHHbIE C LIEIOYMCICHHBIMU HWHJEKCAMH, TO Mepe] CO3JaHUEM MAaTpPHUILIbI
TpeOyeTcs 3aJaTh HHJEKCHI B BHJE PAH)XHUPOBAHHBIX TEPEMEHHBIX C IEJTOYUCICHHBIMHU
3HAYEHHUSIMH, a 3aTeM YK€ M3 HHUX (OPMHUpPOBATH CETKY 3HAUYEHUH X M y — KOOpAUHAT IS
anTuIvKaT z(X,y). 3Ha4eHUS X U y MPU dTOM OOBIYHO JIOJDKHBI OBITH BEIIECTBEHHBIMH YHCIIAMH,
HEPEAKO KaK MOJIOKHUTEIbHBIMU, TaK U OTpULIATEIbHBIMU. [l0CIie BRIMOTHEHUS yKa3aHHBIX BBILIE
ompeneneHui BBoauTcs mabnon rpaduka (komanaa Surface Plot).



MocTpoeHue 'padtuka [MOBepXHOCTH
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Pucynoxk 5.1 - Iloctpoenue noBepxHOCTH 6€3 yAaaeHNs] HEBUIUMBIX JTUHUNA

it

HeoGxomnmo moctpouts Tpaduk moBepxHOCTH B cucteme Mathcad, oTdopmaruponan
ero, NPHMEHHB QITOPUTM (YHKIMOHAJIHHOM OKpacKH W yJNaJeHHE HEBUAMMBIX JIMHHM.
[Tokazano, kak OoTGoOpMaTUPOBaATh rpaduK, MPUMEHEHUE aITOpUTMa (HYHKIIMOHAIBHONW OKpPACKH
MOBEPXHOCTHU H yJaJICHUE HEBUANMBIX JTHHUH.



Mocrpoernye padprea [IoBepRO0TH
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Pucynok 5.2 - Tloctpoenue rpaduka moBepxHocTr B cuctreme Mathcad

IMocTaHoBKa 3a7a4M K J1a00p

aTopHoOi padore 5

1. U3yunts npeanaraeMblii TeOpeTUYECKUI MaTepuall.
2. lMoctpouts rpaduk moBepxHocTH B cucteme Mathcad.

3. BeImoJIHAUTE

dbopmarupoBaHue

MOCTPOSHHOTO rpaduka, TPUMEHUB

(YHKIMOHATIBHON OKpPAcKH U yJaJleHHe HEBUAUMBIX JINHUIA,
4. [TonroToBUTh OTYET, BKIIOYAIONIMI OMUCAHWE Mpolecca MOCTpOoeHHs rpaduka u

COOTBCTCTBYIOIIHUEC CKPHUHIIIOTHI.

AITOPUTM

5. Odopmuts otueT Mo jaboparopHoit padore. [IpencTaBuUTh OTYET MO JTAOOPATOPHOM

paboTe [ 3aIIUTHI.

BapI/IaHTI)I HHAUBUAYAJIBbHBIX 3agaHui

B cooTBercTBUM ¢ MHIUBUAYaIbHBIM 33JaHUEM IOCTPOUTH TpadUK MOBEPXHOCTH,
BBITIOJIHUTH (POPMATHPOBAHKE ITOCTPOCHHOTO rpaduka, IPUMEHHB AJITOPUTM (YHKIIMOHATHHON
OKpackd M yJajleHHue HeBUAUMBIX JTUHUH. CPopMHpOBaTh OTUYET, BKIIOYAIOLIIUM ONMHCaHUE
nporiecca MOCTPOCHUS TpauKa U COOTBETCTBYIOIINE CKPUHIIIOTHI

Tabnuna 5.1 — UnauBuyanbHble 3a1aHUS
Ne DOyHKIMS Ne DyHKIMSA
1 z(x,y)=3cos(x*y) 2 zZ(X,y)=x2*y
3 Z(X,y)=sin(x*y) 4 z(X,y)=5cos(x*y)
5 2(X,y)=tg(x*y) 6 2(X,y)=2x+y2




Conepxanue oT4yeTa

[To BbImosmHeHHOW paboTe cocTaBisgercs OoTyeT. OTYEeT BBIMOJHAETCS B 3JIEKTPOHHOM
Bujie. [1o BeIMONHEHHOMY OTYETY MPOBOAUTCS 3aluTa Ja00paTOPHOM paboTHI.

Otuer mo maGopaTopHOW pPabOTEe AOMKEH COCTOSITh W3 CIEAYIOMIMX CTPYKTYPHBIX
JJIEMEHTOB:

- TUTYJIbHBIN JIUCT;

- BBOJHAs 4acTh;

- OCHOBHasl 4YacTh (omucaHue paboThl);

- 3aKJIIOUYEHUE (BBIBOIBI).

BBoaHas yacTh oT4yeTa JOJKHA BKIIOYATh MYHKTHI:

- YCIIOBHE 33]1a4H;

- TIOPSIIOK BBITIOJTHEHHUS.

- IPOrpaMMHO-aIapaTHbIE CPEICTBA, UCIOIb3yEMbIE ITPU BHIMOJIHEHUH PaOOTHI.

3amuTa oT4eTa Mo JabopaTopHOH padoTe 3aKII0YaeTCs B MIPEIbABICHUH MPENO0/1aBaTEINI0
MOJTyYEHHBIX PE3yJIbTaTOB B BUAE (hailyia M JEMOHCTpAIMK MOJYyYSHHBIX HaBBIKOB IMPU OTBETAX
Ha BOIPOCHI MPEMNo/iaBaTesl.

KonTpoJbHbIe BOIPOCHI

1. YTo Ha3bIBAIOT B CTATUCTHUKE IpapuKoM?

2.Kakue 3amauum  CTaTUCTUYECKOTO  MCCIENOBAHUS  PEIIAIOTCA IpPU  [TOMOIIU
rpadguaeckoro n300pakeHus?

3. Kak 3amarotcs IpoCTpaHCTBEHHbBIE OPUEHTUPBI?

4. Yto npexacranisieT coboit rpaduueckuii o0pa3 CTaTUCTUIECKUX JAHHBIX ?

5. Mante onpenenenue JuarpaMmmel.

6. [lepeuncinre TUIIBI AMATPAMM.

7. I'ne conepxuTcs nepedeHb mablIoHOB MOCTpoeHus rpadukoB B cucreme Mathcad?

8. Kakue BO3MOXHOCTH cojiepkat cpeacTa rpaduxu Mathcad?

9. Ilepeuncnure U3BECTHBIE BUIBI TPAPUKOB.

6. YAEBHO-METOJUYECKOE U UTH®OPMALIMOHHOE OBECIIEYEHUE
JUCIATITAHBI

6.1. IlepeyeHb OCHOBHOM M ONOJHUTEIBHON JIUTEPATYPbI, HEOOXOAMMOMH 1JIs1
OCBOCHMSA THCHHUIIIHHBI

6.1.1. IlepeyeHb OCHOBHOM JTUTEPATYPBI

1. byiinaueB, C.K. IIpuMeHeHHe 4YHCIEHHBIX METOJOB B  MaTeMaTUYECKOM
MozaenupoBanuu : ydebnoe mocobue / C.K. ByitHaueB ; MwuHHCTEpPCTBO 00pa3oBaHUs H
Hayku Poccuiickoit ®enepanmu, Ypansckuil (enepanbHblii YHUBEPCUTET HMEHH IE€PBOTO
IIpesunenta Poccum b. H. Enpumna ; nHayu. pen. HO.B. Ilecun. - ExatepunGypr
WznarenscTBo Ypanbckoro ynuBepcutera, 2014. - 72 c. : wi. - bubauorp. B k. - ISBN 978-5-
7996-1197-2; To xe [Dnextponnsiii pecypc]. - URL: http://biblioclub.ru/index.php?
page=book&id=275957.

2. Kpaxorkuna E.B. Uncnennbsie METOIBI B HAYYHBIX pacdeTax [DJIeKTpOHHBIN pecypc] :
yuebHoe mocobue. Kypc nexuuit / E.B. KpaxoTkuHa. — DJEKTPOH. TEKCTOBbIE JaHHBIE. —
CraBponosib:  CeBepo-KaBkasckuit  denepanbupiii  yauepcurer, 2015. — 162 c¢. — 2227-
8397. — Pexxum nocryna: http://www.iprbookshop.ru/62884.html.

6.1.2. IlepevyeHb JOMOJTHUTENIbHOM JTUTEPATYPbI

1. BepxOuukuit B.M. UYucnennsie Mertonsl. JluHeliHass anreOpa ¥ HeTUHEWHBIE
ypaBHeHus. — M.: Jloroc, 2014.

2. Boakos E.A. Uncnennsle metoasl. — M.: Jlans, 2014.



6.2. IlepeyeHb y4eOHO-METOAUYECKOTO 00ecIeYeHNsI CAMOCTOSITE/IbHOI PadoThI
00y4aomMXxcs 1Mo JUCUUILIHHE

1. Meronnyeckue ykazaHUs K BBIMOJIHEHHUIO Ja0OpaTOpHBIX palbOoT MO AWUCIUIIINHE
«MHCTpyMEHTaIbHBIE CPECTBA B HHKEHEPHBIX PacyeTax).

2. Meronnyeckue peKOMEHIALMU UIsl CTYJAEHTOB 10 OpPraHU3alluy CaMOCTOSTEIBHON
paboTsl o guctuminHe « THCTpyMeHTalbHbIE CPEACTBAa B MHKEHEPHBIX pacueTaxy.

6.3. Ilepeuennb pecypcoB HH(POPMALMOHHO-TEJIeKOMMYHUKAIIUOHHOM CeTH
I/IHTepHeT, HCOﬁXOI{l/IMLIX OJIA OCBOCHUA JUCHUITJIMHDBI

1. Hanmonansubiit OTKpbITEIN YHUBepcuTeT. MHTYUT. http://www.intuit.ru.
2. ®enepanbublil noptan «Poccuiickoe obpazoBanue. http://www.edu.ru.

3. Poccwmiickas rocynapcTBeHHas 6ubnuoreka. http://www.rsl.ru.

4. Pecypc 1o MareMaTH4eCcKOMY MoJieiupoBanuto. Exponenta.ru.
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BBEJEHHUE

Metoauueckue peKOMEHJAIUM  CcoAepXkaT IepeyeHb TeM C  BONpocaMu st
CaMOCTOSITENILHOM ~ MPOpPa0OTKM, TepeueHb J1abopaTopHBIX pPabOT ¢  BOMpocamMH  JJIs
CaMOCTOSITENTLHOM MPOPaOOTKH.

Meronuueckue ykasaHMs TOCBSALIEHBI Kypcy «MHCTpyMeHTanbHbIE CpEICTBA B
MH)XEHEPHBIX pacyeTax». 3ajaya aBTOMAaTU3allMd MaTeMaTHMYeCKHUX pPacyeTOB U BbIUMCICHHM
YXOJIUT KOPHSAMM K MCTOKAM 4YeJIOBEUECKOW NMBWIM3ALMHU, K TOSABICHUIO IMEPBBIX CUYETHBIX
pucrocoOeHnii — abakoB, COpoOAHOB W JPYIHX 3JIEMEHTapHbIX YCTpPOHCTB. [IpopbIBHBIM
MOMEHTOM B 3TOM IpPOLIECCE MOXKHO CUMTATh IOSIBICHHUE 3JIEKTPOHHBIX BBIUYMCIUTEIbHBIX
ManivH (OBM) u kanbKynsaTopoB, OCHOBaHHBIX Ha MOJYIPOBOIHUKAX.

B Hamm AHM MpaKTUYECKH BCE MH)KEHEPHBIE PACUEThl BHIMOJIHAIOTCA C MPUMEHEHUEM
KOMIIbIOTepHOM TexHUKU. [Ipum sToM, cdepa pa3pabOTKM HHKEHEPHOTO MPOrpPaMMHOTO
obecriedeHusi obocoOmnace B oraenbHylo IT-mHIycTpuio, KoTOpas paboTaeT Ha CThIKE
Pa3IMYHBIX HAyYHO-TEXHUUYECKUX 3HAaHUN U JUCHMIUIUH — MaTeMaTHKU, GU3KUKH, SJIEKTPOHHUKH,
IPOTpaMMHUPOBaHUS. DTO MEKIUCHUIUIMHAPHBIA MOIXO, B MOJHOW Mepe coueTarouuii B cede
uneu STEM (science, technology, engineering, mathematics).

1. HEJIb U 3AJJAYU U3YYEHUA JUCHUTIJIMHBI

[lenbto OCBOEHHS NUCUUIUIMHBI sBIsieTCS (opmupoBaHHe Habopa MpodecCHOHATbHBIX
KoMIeTeHIMi Oyaymiero 6akanaBpa o HampasieHuto 09.03.02 MupopmalMoHHbIE CUCTEMBI U
TEXHOJIOTHH.

3a1aul OCBOEHMSI IUCLUIUIMHBI: U3yYE€HNE UHCTPYMEHTAIBHBIX CPEJCTB B MH)KEHEPHBIX
pacuerax, OCBOCHHE HHCTPYMEHTAJIbHBIX CPEACTB B MHKEHEPHBIX pacueTax.

2. TEMbI CAMOCTOSTEJBbHOM PABOTHI

No rembl | HauMeHOBaHME TeM NMCIUIUIMHBI, UX KPATKOE COJIEpKaHKUe O0beM
gacoB*
4 cemecTp
Paznen 1. UHCTpyMeHTaIbHBIE CPEICTBA B MHXKEHEPHBIX pacueTax
1 Tema 1. ABTOMaTH3aIMsI HH)KEHEPHBIX PAaCUYETOB 16
2 Tema 2. MoaennpoBaHue B HHKEHEPHBIX PacueToOB 14

Paspnen 2. IlpunoxkeHuss HMHCTPYMEHTANbHBIX CPEACTB B
MH)KCHEPHBIX pacyeTax

7 Tema 5. Ua(pacTpyKTypa HHKEHEPHBIX PACYETOB 14

Hroro 3a 4 cemecTp 44

3. TEXHOJIOTTYECKASI KAPTA CAMOCTOSTEJIbHOM PABOTHI

OBYYAIOHIETI'OCH

Konbr Cpenctsa u | OO0BeM 4acoB, B TOM YHUCJIE
peanu3yemsl TEXHOJIOTUH CPC KonraktHa | Bceero
X OLICHKH a pabota ¢

Bun eI TENBHOCTH
KOMIIETEHIIH npenoaana
. CTYJEHTOB
i, TeJIeM
uHANKaTOpa(
OB)
4 cemecTp
Eﬁ;gﬂﬂl IToAroToBKa K JIEKITUAM CobGecenoBanue | 21,42 2,38 23.8




[IK-3(U]-1, CaMocTosTenbHOoe Cobecenosanne | 9,18 1,02 10,2
ni-2) HU3YUYEHHUE JUTEPATYPHI N0
temam 1,2, 5
HK-3(UJI-1, [Moaroroska k | Ortuer 9 1 10
Wi2) 71a00PAaTOPHBIM pabOTaM | MUCHMEHHBIN
Utoro 3a 4 cemectp 39,6 4.4 44
Hroro 39,6 4.4 44
4. PEKOMEHJIALIIUU JJISA CAMOIIOATOTOBKH
4.1 lloaroroBka K jJeknusiM. CaMoCTOsITeIbHOE H3YyUYeHHE JTUTEPATYPbI

1. Cucremsr MathCad, S-Plus, Axum.

2. IIporpammusie npoxykTsl komnaanu MathWorks, Ink. MATLAB.

3. Simulink. StatSoft.

4. Cuctemst STATISTICA.

5. TIlakets! st yncaeHHbIX pacyeroB. Scilab. Octave. QtOctave. FreeMat.

6. TlaxeTs! U1 CUMBOJIBHBIX BEIUKACIEHMI. Naxima. Axiom.

7. HIHTepaKTHBHBIC HHCTPYMEHTAJIbHBIC CPEJCTBA B HHKCHEPHBIX pacyeTax.

8. B03MOXHOCTH HHTEPAKTHBHBIX CUCTEM B MHIKEHEPHBIX pacyerax.

9. HutepaktuBHOe mpuMeHeHHe neMeHToB MathCad i pemeHust HHXSHEPHBIX 3a]1a4.

10. BeruucnurenbHbIe METOIbI PEIICHUS 3a/1a4 MOACTUPOBAHMSL.

11. IToctaHOBKA 33124 MOAETHUPOBAHMS.

12. KonnenryansHas GOpMYIHPOBKA 33/1a4l MOACITHPOBAHHS.

13. IlocTpoenne MaTemMaTHIECKOH MoAen 00bekTa. BEIOOp MeToma pemeHusl.

14. Waterloo Maple.

15. Cucrema Maple.

16. UniCalc.

17. Simulink. StatSoft.

18. IMakeTsl st pelICHUs] YPAaBHEHHH B YaCTHBIX MPOU3BOTHBIX.

19. OpenFEM. Impact. SALOME. OpenFOAM. Elmer.

20. UnTepakTuBHOE MMpHMEHEHHUE 3J1eMeHTOB MatLab

21. O6paboTka maccrBoB B Mathcad.

22. ®ynkuun Mathcad s pemenns cuctem OLY.

23. Peanu3anys 4UCICHHBIX METOJOB MOJEIHPOBAHUSL.

24. TlpoBepka aleKBaTHOCTH MOJENN

25. Ananus pe3yiabTaToB MOICIUPOBAHUS.

4.2 IloaroroBKa K J1a00paTOPHBIM padoTam
JlabopaTopnas padora 1.

. Uto Takoe MOJeNH U KaKue BUIbI MOJIEJIEH BBl 3HaeTe?
. Kakue Buib1 MoiemupoBaHusi CymecTByOT?
. OT 4ero 3aBUCHUT TOYHOCTb MOJECTUPOBAHUS?
. Korna pazymuo npumMeHsTh pru3mueckoe MoaenupoBaHme?
. Kakue camblie n3BecTHbIE IPUMEPHI CEPHE3HOTO MOAECIUPOBAHNUS BbI 3HaeTe?
. Kakue BuIbI TOTpenIHOCTH MOACIIUPOBAHUS BBl 3HAaETE?
. Kakue nporpamMmHbIe MPOAYKTHI UCTIOIB3YIOT ISl MOAETUPOBAHUS?
. Kak ocymiecTBisieTcs moaroToBka K MOJACIUPOBAHUIO?
. Kakumu Bo3mMokHOCTSIMU B MojienTupoBanuu oomnagaot CKM?
10. YUem oTnmuaeTcsi TpaeKTOpUs IoJieTa KaMHs 0e3 ydeTa CONpPOTHUBIIEHUS BO3JyXa U C
ero yuerom?

O 00 1 N B W —

JlabopaTopnas padora 2.

1. Yto Takoe 3KCIEepUMEHTAIbHbBIE UCCIEAOBAHUS U C KAKOH IeNbI0 OHHU MPOBOSATCS?
2. [laiiTe onpeneneHrue MaTEMaTUHIECKON MOJIEIH.




3. Oxapakrepu3ynTe 3Tanbl MaTEMaTHIECKOTO0 MOAEINPOBAHNUS.

4. Yro sBisiercs paboyrM UHCTPYMEHTOM CTaTHUECKOro aHain3a?

5. Jlaiite onpeneneHne cTaTUCTUYECKON THIIOTE3bI?

6. Kakue ommOku BcTpeyaroTcs MpH BHIOOPOYHOM HaOIII01eHUN ?

7. IlepeuncinTe OCHOBHBIE ITPAaBWJIA, KOTOPBIE JAOJKHBI BBIMOIHATHCS NPU MPOBEACHUU
CTaTUCTUYECKUX HAOIIOICHUH.

8. UTo Takoe KOppesALUOHHAS CBSI3b?

9. OxapakTepHu3yiTe MEeTO/Ibl BHISBICHUS KOPPEISALIMOHHON CBSA3H.

10. OnuiuTe BUABI MOAEINPOBAHNUS.

JlaGopaTtopnas padora 3.

1. IlepeuncnuTe TOCTOMHCTBA U HeOCTaTKU cructeMbl Mathcad.

2. [lepeuncnure oCHOBHbIE (PYHKIIUU, TPUMEHSEMbIE B CTATUCTHYECKON 00paboTKe.

3. Jlnst wero nmpumensiercs pynkius RND(x)?

4. B xakux cimydasx NpUMEHSIOTCS QYHKIUH CIIafHOBOM anmpOKCUMaIuu?

5. Yem otnmuaetcs (yHKUMS JUHEHHON perpeccuu oT (pyHKIMM JMHEHHON perpeccuu
oOmiero Buga?

6. Jlaiite onpenenenue HeIMHEHHON perpeccun odiero Buaa?

7. Naiite onpeaenenne GyHKITUN TTPEICKa3aHUS?

8. B kakux ciydasx (QyHKIMS NpeAcKa3aHus MPUMEHSETCs, a B KaKuX NPUMEHEHHUE ee
SIBJISIETCST HETEIECO00pa3HBIM?

9. Ilepeuncnure OCHOBHBIE TEXHOJIOIMH KOMIIBIOTEPHOTO MOZEINPOBAHUS.

10. [Tepeuncinte THCTPYMEHTHI KOMIIBFOTEPHOTO MOJEITUPOBAHUS.

JlaGopaTopHas pabora 4.

. MaTemaTtuyeckoe MOJEIMPOBAHNE CIOKHBIX CUCTEM
. @azoBas Tpaekropusa. PazoBoe MPOCTPAHCTBO

. JlekoMIo3u1IKs CUCTEMBI. XapaKTEPUCTUKU CHCTEMBI
. MaTemaTtnueckas MOJI€JIb CUCTEMBI

. ArperatuBHBIC MOJICIIH

. TpeboBanust k 6a30BBIM JIaTYNKAM

. Tunsl 6a30BBIX TaTYUKOB

. MozienpoBaHue CiIydyalHbIX 3JIEMEHTOB

. ODyHKIIMK perpeccuu

10. dyHK1IUMA npeacKa3aHus
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JlaGopaTtopnas padora 5.

1. YTo Ha3bIBAIOT B CTAaTHCTUKE TpapuKoM?

2. Kakpe 3agauM  CTaTUCTMYECKOTO  HCCIEAOBAHMS  PEIIAFOTCS IPU  [TOMOIIH
rpaduuecKkoro n3oopakeHus?

3. Kak 3a/aroTcst npOCTpaHCTBEHHBIE OPUEHTUPBI?

4. Yro nmpencraisier co0oii rpapuueckuii 00pa3 CTaTUCTUYECKUX JTaHHBIX?

5. [aiite onpenenenue JlnarpaMmsi.

6. [lepeuncnuTe TUIIBI AUATPAMM.

7. I'me congepxutcs nepedeHs mabdbioHOB ocTpoeHus rpadukoB B cucteme Mathcad?

8. Kakue Bo3MokHOCTH cozepikaT cpenacTa rpaduxku Mathcad?

9. Ilepeuncnure n3BECTHBIE BUIbI TPAPHUKOB.

JlaGopaTopnas pabora 6.

1. U3yunTe mnpepnaraeMblii  TEOPETHMYECKHMH MarTepuall, COCTaBUTh KOHCIIEKT IIO
MaTepuaity «ITanbl KOMIBIOTEPHOIO MOJIEITUPOBAHUS.

2. Iloctpoutps 0OBEMHBIE (UTYpPHl B COOTBETCTBUM C BapuUaHTaMH WHIUBUAYaTbHBIX
3aJaHuH.



3. BBIOTHUTD MOCTpOEHHE TpaduKa MOBEPXHOCTH O€3 3a1aHUsI MATPHIIBI.

4. BbIlONIHUTE  TIOCTpOEHUE TpaduKka TOBEPXHOCTH C MpPUMEHEHHEeM (pyHKUUU
CreateMesh, cienats CKpUHIIOTHI X0/1a PaOOTHI.

5. BBINOTHUTL TMOCTpOeHHE OOBEMHON (QUrypbl, KOTOpas IMOJy4aeTcsi BpalleHUeM
KPHUBOH, ClIeNIaTh CKPUHILIOTHI X0/1a pabOoTHI.

6. [TonroToBUTH OTYET, BKIIOYAIONIMN CKPUHILOTHI MOJYYEHHBIX AHMArpaMM M OIMUCaHHUE
X0J1a paOOTHI.

7. Opopmuts oTdeT mo jmadbopaTopHoi pabdore. [IpeacTaBuTh OTYET MO JTAOOpPATOPHOMN
paboTe a5 3aIUTHI.

JlaGopaTtopnas padora 7.

. UTo Takoe MO U KaKUe BUIbI MOJENIEH BbI 3HaeTe?
. Kakne BuzbI MoiemMpoBaHus CyIeCTBYOT?
. OT 4ero 3aBUCHUT TOUHOCTb MOJAEIUPOBAHUSA?
. Korna pasymHo npuMeHsTh puznyeckoe MojennpoBanue?
. Kakue camble U3BeCTHBIE IPUMEPBI CEPHE3HOTO MOJEINPOBAHNS BbI 3HacTE?
. Kakne BHUJBI IIOTPEITHOCTHU MOJCIUPOBAHNS BbI 3HaeTe?
. Kakue nporpamMMHbIe IpOAYKThI HCIIOJIB3YIOT JUIsl MOAEIUPOBAaHUsA?
. Kak ocymiecTBisieTcst moAroToBKa K MOJEIUPOBAHUIO?
.KakumMu  BO3MOXHOCTSIMH B~ MOJAEIMPOBAHWU  O0JAJAalOT  MHCTPYMEHTBI
KOMITBIOTEPHOT'O MOJIETTUPOBAHUS?
10. YeM oTnmyaeTcs TpaeKTOPHs IMojieTa KaMHs 0€3 ydyeTa CONPOTHBIICHHUS BO3/yXa H C
ero yuerom?

O 00 1IN DN B W~

JlaGopaTopHas pabora 8.

. baifecoBckas kiaccudukanus

. HauBHo-0aiiecoBckuii moaxon

. Metoasl Data Mining

. CBolicTBa HaMBHOM KIacCU(PUKAIIUN

. [locTonncTBa OalieCOBCKUX ceTel

. baifecoBckas punmpTpalus mo cioBam

. MeTop! kitaccupuKaluy U IpOrHO3UPOBAHUS
. Meron iepeBbeB pELLICHUN.

01NN WN—

5. TEOPETUYECKHI MATEPHAI
5.1 MATEMATHYECKOE MOJAEJUMPOBAHUE B UH)KEHEPHBIX PACYETAX

IlocTpoenne moaeu

Mopnens 1 MOJIeTMpPOBaHNE - YHUBEPCAIbHbIC MOHATH, aTPUOYTHI OAHOTO W3 HauOolee
MOIIHBIX METOJOB TO3HaHWUs B JIFOOOW TpodeccHoHaIbHOW 00J1acTH, TO3HAHHUS CHCTEMBI,
Ipolecca, sIBJICHUS.

Bun monmenu u MeTonsl ee uccieqoBaHHs OoJibllie 3aBUCAT OT WH(OPMALMOHHO -
JIOTUYECKUX CBS3€H AJIIEMEHTOB M IOJCHUCTEM MOJEIMPYEMON CHCTEMBI, PECYPCOB, CBS3E€H C
OKPY’K€HHEM, a HE OT KOHKPETHOT'O HAIOJTHCHUS CUCTEMBI.

MopenbHbli CTHIIb MBIIIJICHUS TTO3BOJISIET BHUKATh B CTPYKTYPY M BHYTPEHHIOIO JIOTUKY
MOJIETTUPYEMOMN CUCTEMBI.

[MocTpoenne moaenu - cHUCTeMHas 3ajiada, TpeOyrolas aHalu3a MU CHHTE3a HCXOJTHBIX
JAHHBIX, TUIOTE3, TEOPH, 3HAHUKN crienuanucToB. CUCTEMHBIM MOJIXOJ MO3BOJSET HE TOJBKO
MOCTPOUTH MOJIENb PEAIbHON CUCTEMBI, HO U UCTIOIb30BATh 3Ty MOJEIIb JIJIsl OIIEHKU (Harpumep,
3¢ (HEeKTUBHOCTH YIIpaBICHUS WIH (PYHKIIMOHUPOBAHUS) CUCTEMBI.



Mopnensb - 3T0 00BEKT WM ONMCAaHUE O0BEKTa, CUCTEMBI IJIs 3aMEIIEHUSI OJTHON CUCTEMBI
(opuruHaNa) Ipyroil CUCTEMOW ISl JYYIIETO W3yYeHHsS OpPWUTHHAIA WIU BOCIPOW3BEICHHS
KaKUX-J1100 ero CBONCTB.

Hampumep, oroOpaxkass pu3nyeckyro CHCTEMY Ha MAaTeMaTHYECKYH CHUCTEMY, MOTYyUUM
MaTeMaTHYeCKyI0 MoJienb (pu3udeckoi cucteMbl. JIto6as MOJeNb CTPOUTCS U UCCIEAYETCs MPH
OTIpeICTICHHBIX JIOMYIICHUIX, THITOTE3aX.

[Ipumep.  PaccmoTpuMm (U3HUYECKYIO CHUCTEMY: TeJIO MAacCOM m CKaThIBaeTcs IO
HAKJIOHHOM IUIOCKOCTH € YCKOPEHHEM a, Ha KOTOPOE BO3/IeUCTBYeT cuia F.

Uccnenys takue cuctembl, HpIOTOH monmyuni MareMaTHdeckoe cooTHornenue: F = m*a.
OT0 (QU3MKO-MaTeMaTHUECKasi MOJETbh CHCTEMBbl WM MaTeMaTHUYeCKash MOJENb (U3UIECKOM
CUCTEMBI CKaTBIBAIOIIETOCS Tea.

[Tpwm onMcaHUM STOM CUCTEMBI TPHUHSATHI CJICTYIONTUE THIIOTE3HI:

- MIOBEPXHOCTh HJeabHa (KOOPPUIIMEHT TPSHHS paBEH HYJIIO);

- TEJI0 HaXOJUTCS B BaKyyMe (CONPOTUBJICHUE BO3IyXa PaBHO HYJIIO);

- Macca Tella HEU3MEHHa;

- TEJIO JBUXKETCS C OJIMHAKOBBIM ITOCTOSTHHBIM YCKOPSHHEM B JIFOOOH TOUKE.

[Mpumep. dusnonoruueckas cuctemMa (CUCTEMa KpOBOOOpAICHHS 4YellOBEKa) -
MTOTYUHSICTCS HEKOTOPBIM 3aKOHaM TepMoJuHaMUKH. OTNHCHIBAs 3Ty CHCTEMYy Ha (DU3MYCCKOM
(TepMOIMHAMUYECKOM ) S3BIKE 0amaHCOBBIX 3aKOHOB, MOJTy4YrUM buznyeckyro,
TEPMOJUHAMHUYECKYI0 MOJeNb (Gu3noiornyeckoil cuctemsl. Ecim 3amucaTh 3TH 3aKOHBI Ha
MaTEeMaTHYeCKOM sI3bIKE, T.€. COOTBETCTBYIOIIWE TEPMOJUHAMHYECKHE YPaBHEHHS, TO YKe
MOJTy4aeM MaTeMaTUYECKyI0 MOJIEIb CUCTEMbI KPOBOOOPAIIICHHUS.

[Ipumep. CoOBOKYNMHOCTh MPENNPHUITHI (QYHKIMOHUPYET Ha pPHIHKE, OOMEHHUBAsICh
TOBapaMH, ChIpheM, yCIIyraMu, nHpopmanuei. Eciam omucats 5KOHOMUYECKHE 3aKOHBI, TPaBHiIa
WX B3aUMOJICHCTBUS HA PBHIHKE C IOMOIIBI0 MaTEeMaTHYECKUX COOTHOIICHHM, HampuMep,
CHUCTEMBI aIreOpandecKuX YpaBHCHHM, TJ¢ HEW3BECTHBIMH OyayT BEIHYUHBI TPUOBLIH,
MoJlydaeMble OT B3aWMOJCUCTBUS TMPEANPHUATHH, a KoddduimeHTaMu YypaBHEHHs OyayT
3HAYCHHS MHTCHCHUBHOCTEH TaKWX B3aMMOJCHCTBHIA, TO MOJYYHM 3KOHOMHKO-MATEMaTHICCKYIO
MOJIeTIb CHCTEMBI MPEATPUSATHI Ha PHIHKE.

CnoBo "mogmens" (mat. modelium) o3nadaetr "mepa', "cmocoQ", "CXOICTBO ¢ KaKOH-TO
BEIIBIO".

MopenvupoBanue 0a3upyeTcsi HA MaTEMaTHYECKON TEOPHH TMOJ00MS, COTJIACHO KOTOPOU
abCoMIOTHOE MOI00ME MOXET UMETh MECTO JIMIIb MPHU 3aMEHE OJHOTO 00BEKTa JPYTrUM TOYHO
TaKUM XKe.

[Ipu monenupoBaHWK OONBIIMHCTBA CUCTEM aOCONIOTHOE MOJ00MEe HEBO3MOXKHO, W
OCHOBHAs 11€JIb MOJICJIMPOBAHUS 3aKJII0YAeTCs B TOM, YTO MOJIEJNb JOCTATOUYHO XOPOIIO JOHKHA
oToOpaxarh PyHKIIMOHUPOBAHUE MOJEIUPYEMOI CHCTEMBI.

ITo ypoBHI0, '"ri1y0uHe" MoaeMpoBaHusi Moje/U ObIBAIOT:

1. sMnupuyecKue - Ha OCHOBE YMIIMPUUECKUX (PAKTOB (OMBITOB);

2. TEOPETHYECKHUE - HA OCHOBE MAaTEMaTUYECKNUX OMMCAHUI;

3. cMEIIaHHble, MOIYAIMIMPUYECKUE - HA OCHOBE OMIUPUUYECKUX 3aBUCUMOCTEH H
MaTeMaTHYeCKNX OIMMCAaHHWH.

IIpo6ieMa MoaeTMPOBAHUSI COCTOMT M3 TPeX 3a1a4:

1. moctpoenue Mozenu (3Ta 3afada MeHee ¢opManu3yeMa U KOHCTPYKTHUBHA, T.K. HET
aJITOpUTMa JIJIsl IOCTPOSHUS MOJIENEH );

2. uccnegoBaHue Mmojenu (d9Ta 3amada  Oonee (Qopmanmmzyema, HMEIOTCS METOJbI
WCCIIETIOBAHMSI PA3TUYHBIX KIIACCOB MOJIENEH);

3. ucrosb30BaHre MOIeN (KOHCTPYKTHUBHAS M KOHKPETH3UpYyeMas 3a1ada).

Mogens M, onuceiBatomas cuctemy S(x1, x2, ..., xn; R), umeer Buxa:

M=(zl,22,..,zm;Q), rme zi= Z, i=1,2,..,n);

R - MHOX€ecTBa oTHOIIeHHH Hay X,



Q - MHOXECTBa OTHOIIICHUHN Hall Z;

X - MHOKE€CTBOM BXOJHBIX, BBIXOJHBIX CUTHAJIOB U COCTOSIHUN CHCTEMBI;

Z - MHOXKECTBO OIMCaHUH (MIPeICTaBICHUIT) DIIEMEHTOB U MOJIMHOXKECTB X.

CxemMa mocTpoeHus Mojen M cucTemMbl S ¢ BXOJHBIMU CHUTHAJIAMH X W BBIXOJIHBIMU
curHasamu Y u3zoOpakeHa Ha puc. 1.1.

HMcenenyemas cucrema S Mopens M

Pucynok 1.1 - Cxema noctpoeHus Moienu

Ecnu Ha BXOg4 M mocTynmaroT CUTHaibl U3 X M HA BBIXOJE MOSIBISIOTCS CUTHAJIBI Y, TO
3aj1aH 3aKkoH (mpaBuio) f QyHKIMOHUPOBAHHUS MOJIENIH / CUCTEMBI.

MonenupoBanie - 3TO  YHUBEpPCAJbHBIM  METOJX  IOJy4YeHUS OTIACaHHS
(YHKIIMOHMPOBAaHUS O0BEKTa M HCHOJIB30BAHUS 3HAHUN O HEM. Mo/IeIMpPOBaHUE UCTIONb3YETCs
B 110001 mpodeccuoHaTbHON NEeITeTbHOCTH.

Kaaccnpukanus BuaoB moaeaupoBanns. CTtaTudeckue u JUHAMHYECKHE,
AUCKPETHbIE U HelpepbIBHbIE MO/IeJIH

Knaccudukanuto Moaeneit mpoBOIAT MO Pa3TMYHBIM KPUTEPUSIM.

Mopenbs Ha3bIBAaeTCS CTATUYECKOW, €CIHM Cpeau IapamMeTpoB, YYAcCTBYIONIUX B €€
OMMCaHUM, HET BpEMEHHOro napamerpa. CTaTudyeckas MOJENb B KaK/IbIii MOMEHT BPEMEHH JaeT
mumik "gororpaduro” cuctemsl, ee cpes.

[Ipumep. 3akon Hetotona F=a*m - 310 cTatnueckas Moaens ABMKYIICHCS ¢ YCKOPEHUEM
a MaTepUaIbHOM TOYKM MACCOW M. DTa MOJIEIb HE YYUTHIBAET U3MEHEHHE YCKOPEHUS OT OJHOU
TOYKH K IPYT'OM.

Monenb AMHaMUYecKas, €M Cpeii ee MapaMeTpoB €CTh BPEMEHHOM MmapaMmeTp, T.e. OHa
oToOpaxkaeT cuctemy (TpOIecCHl B CHCTEME) BO BpEMEHHU.

[Tpumep. dunamuueckast monens 3akoHa HproToHa OyAeT UMETh BUI:

F(t)=a(t)*m(t).

Mopenb TUCKpETHasl, €CIM OHAa OMHCHIBACT MOBEJCHUE CHCTEMBI TOJBKO B JUCKPETHBIC
MOMEHTBI BpEMEHH.

[Tpumep. Ecnu pacematpuBath Tonbsko t=0, 1, 2, ..., 10 (cex), To Mmoaens

S(t)y=gt*/2

WJIM 9UCIIOBast TociienoBatenbHoCcTh: S0=0, S1=g/2, S2=2¢g, S3=9g/2, :, S10=50g moxeT
CIIy’)KHTb JTUCKPETHON MOJIENBIO IBIYKEHUS CBOOOIHO MAJAIONIET0 Tea.

Mopens HenpepbhIBHAS, €CJIM OHA OMHCHIBACT MOBEJCHUE CHCTEMBI JIJII BCEX MOMEHTOB
HEKOTOPOT0 MPOMEXKYTKA BPEMEHHU.

[Ipumep. Mogens S=gt*/2, 0 < t < 100 HerpeprIBHA Ha npoMexyTke Bpemenn (0;100).

HNMuTanmnoHHble MOaeIU

Mopaens WMUTAUMOHHAS, €CJIM OHA MpeIHAa3HAdYeHa I HCHBITAaHUS WM H3y4YeHUs
BO3MOXKHBIX TIyTEH pa3BUTHS U MOBEACHHUS 00BEKTa MyTEM BapbUPOBAHUS HEKOTOPHIX WIIH BCEX
MapaMeTPOB MOJICIIH.

[Tpumep. [lycTs MOJEIH SKOHOMUYECKON CUCTEMBI MPOU3BOJICTBA TOBAPOB JBYX BUAOB |
U 2, B Konu4ecTBe X1 M X2 eQUHUII U CTOMMOCTBIO KaXJOW €IUHMIBI ToBapa al u a2 Ha
MPEANPUATHHA OIIMCAHA B BUJIE COOTHOILICHUS:

alxl +a2x2 =S,
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rze S - o0as CTOMMOCTb MPOU3BEICHHOM MpeAnpusaTHeM Beel nmpoaykuuu (una 1 u 2).
Mo>HO ee UCIOoIb30BaTh B KaU€CTBE MMUTAIIMOHHOM MOJENH, 0 KOTOPOH MOKHO OMpPENENsTh
(BappHpOBaTh) OOLIYI0 CTOMMOCTH S B 3aBHCHMOCTH OT T€X WJIM MHBIX 3HA4eHUH 00BEMOB H
CTOMMOCTH MPOU3BOJUMBIX TOBAPOB.

JleTepMHHHUPOBAaHHbIE U CTOXACTHYECKHE MOJEC/IH

Mognenb neTepMUHUpPOBaHHAs, €CIU KaXJIOMy BXOJHOMY HaOopy MapameTpoB
COOTBETCTBYET BIIOJIHE OIpPENEICHHBI M OJHO3HAUYHO OIpeNeNsieMblii HaOop BBIXOJIHBIX
MapaMeTpoB; B TMPOTHUBHOM cCily4yae - MOJEIb HEIEeTepPMUHUPOBAHHAS, CTOXACTHYECKas
(BepoATHOCTHAS).

[Tpumep. IlpuBeneHHble Bbllle (QU3NYECKUE MOJENU - JeTepMUHUpOBaHHBIE. Eciu B
mozenu S = gt* /2, 0 <t < 100 Mbl yuu Obl CITy4aiiHbIii TTApAMETP - MOPBIB BETPA C CHIION p NpH
MaJeHUN TeJa:

S(p)=g(p)t*/2, 0<t<100,

TO MBI TTOTYYHJIH OBl CTOXaCTHYECKYIO MOJIENb (yKe HE CBOOOIHOTO) MaICHHUS.

DYHKIHOHAIbHbIE, TEOPETHKO-MHOKECTBEHHbIE U JIOTHYECKUE MOAEJIH

Monenb (QyHKIMOHANbHAs, €CIM OHA IMpeJCTaBUMa B BHJE CUCTEMBl KaKHX- JIHOO
(YHKIIMOHAIBHBIX COOTHOILICHHIH.

Mopnenb TEOpEeTUKO-MHOKECTBEHHAs, €CJIM OHA MPEJICTaBMMa C IMOMONIbI0 HEKOTOPBIX
MHOXECTB U OTHOLICHUH IIPUHAMIIEKHOCTH MEXKY HUMU.

ITpumep. IlycTh 3a1aHO MHOXKECTBO

X = {Hukomnaii, Ilerp, Hukonaes, IlerpoB, Enena, Exarepuna, Muxaun, TaresHa} u
OTHOUICHUS:

Huxoumnaii - cynpyr Enensi,

Ekarepuna - cynpyra Iletpa,

Tatpsana - nous Hukonas u EneHsl,

Muxawun - ceiH [letpa n Exarepunsi,

ceMbu Muxauna u Iletpa npyxar apyr ¢ Ipyrom.

Torma MHOXKECTBO X M MHOXECTBO NEPEUMCICHHBIX OTHOIIEHMH Y MOTYT CIIYKHTh
TEOPETUKO-MHOKECTBEHHOU MOJENBIO ABYX IPY’KECTBEHHBIX CEMEN.

Mosienb Ha3bIBaeTCS JTIOTMUYECKOM, €CIM OHA MPEeCTaBUMa JIOTHYECKUMH (PYHKIIMSIMH.

Hanpumep, COBOKYNTHOCTh JTIOTHUECKUX (DYHKIMIA BUA:

z=X My VX, p=xfy
€CTh MaTeMaTHUYEeCKasl JIOTHYecKas MOJIeNIb Pa0OThI JUCKPETHOTO YCTPOMCTRA.

Hrposbie moxenu

Mopnens urpoBasi, €ciM OHa ONMCHIBAET, PEAIM3yEeT HEKOTOPYH0 HIPOBYIO CHUTYyallHIO
MEX/y YYaCTHUKaMH UIPBHI.

[Ipumep. Ilycts urpok 1 - 10OpocoBecTHBI HAJIOTOBBIM HHCIEKTOpP, a UIPOK 2 -
HEZ00pOCOBECTHBIN HajoromaaTenbuIvK. et nporecc (Mrpa) mno ykjJOHEHHIO OT HajloroB (C
OJTHOM CTOPOHBI) M TO BBISBICHUIO COKPBITHS YIUIAThl HAJIOTOB (C JApyroil cTropoHsl). Urpoku

BBIOMpAIOT HATypajbHbIE uncia i u j (i, ] = n), KOTOpble MOXKHO OTOXAECTBUTH, COOTBETCTBEHHO,
co mrTpadoM UTpoKa 2 3a HEYIUIaTy HAJIOTOB IIPH OOHAPYKEHUHU UTPOKOM | (akTa HEeyIIaThl U ¢
BPEMEHHON BBITOIOM MIPOKa 2 OT COKPBITHS HajaoroB. Mojenab WIPbl ONUCHIBAETCS ITOU
MATPHUIIEH U CTpaTEruel YKIOHECHHS U MTOMMKHU. JTa UTPa - aHTArOHUCTHYECKAs.

AJITOpUTMHYECKHE, CTPYKTYPHBIE, rpadg)oBbIe MoAeIH

Mognens anropuTtMuueckas, €CiIM OHa OIMCAHA HEKOTOPBIM aJITOPUTMOM  HIIU
KOMIIJIEKCOM aJITOPUTMOB, OTPEACISIOMUM (PYHKIIMOHUPOBAHKE, PA3BUTHE CUCTEMBI.

Crnenyer MOMHHUTb, YTO HE BCE MOJEIU MOTYT OBITh HCCIEIOBaHbl WJIN PEATM30BAHBI
ITOPUTMHYECKH.

[Tpumep. Mozenbio BBIYMCIEHHUS CyMMbl OECKOHEYHOTO YOBIBAIOIIETO PsiJia YUCET MOXKET
CIIy’)KMTb aJTOPUTM BBIYHMCIEHHUS KOHEUHOW CyMMBI psia 10 HEKOTOPOH 3aJaHHOM CTENEHU



TOYHOCTH. AJTOPUTMHUYECKOW MOJEIBI0 KOPHSI KBaJApPaTHOIO M3 YHUCIA X MOXKET CIYXUTh
QJIITOPUTM BBIYUCIICHUS €ro NPUOIMKEHHOTO 3HaUEHUs 10 U3BECTHOM peKyppeHTHOH (popmy:e.
Mopnenbs HasblBaeTCs CTPYKTYpHOM, €CIM OHA NpEACTaBUMa CTPYKTYpPOW NaHHBIX WIIU
CTPYKTYpaMH JaHHBIX U OTHOLLIEHUSIMU MEX]Ty HUMHU.
Monens HasbiBaeTcss rpadoBoii, ecnu oHa npeacTaBuMa rpadoM WM rpadamMu |
OTHOILIEHUSIMU MEXJly HUMHU.

Hepapxudeckue u ceTeBbie MOAEIN

Mogenp Ha3pIBa€TCS HEPAPXUUECKOW (JIPEBOBUIHOI), €CIHM TPEACTaBUMa HEKOTOPOI
UEePapXUUECKOM CTPYKTYpOH (JIepeBoM).

[Tpumep. s pemieHus: 3a7aydl HaXOXKJIEHUS MaplipyTa B JepeBe IMOMCKa MOXKHO
MOCTPOMTD, HANIPUMEP, JPEBOBUIHYIO MOsienb (puc. 2.1):

Pucynok 2.1 - Mozenbs uepapxudeckoil CTpyKTypbl

Mojenp Ha3pIBa€TCs CETEBOM, €CIIM OHA MPEICTaBUMA HEKOTOPOU CETEBOM CTPYKTYPOM.

[Ipumep. CTpouTenbcTBO HOBOTO JOMa BKIIOYAET ONEpalid, [PUBEIACHHbIE B
HIDKECHeytolei Tabuie.

Tabmura 2.1 - PaboThI TPy CTPOUTENIBCTBE JOMA

Ne | Onepauus Bpemst Boinonnenus | IlpemmectByromiue Hyru
(1HM) olnepauu rpada

1 | PacuucTka yyacTka 1 HET -

2 | 3aknaaka GyHIamMeHTa 4 Pacuncrka yuactka (1) 1-2

3 | Bo3Beaenue cTeH 4 Saknaaka dyngamenTa (2) | 2-3

4 | MonTax 3 Bo3ssenenue cren (3) 3-4
AJIEKTPONPOBOJKHU

5 | lIrykarypHbie paboThI 4 MonTax 4-5

AJIEKTPONPOBOAKH (4)

6 | bimaroyctpoiicTBo 6 BosBenenue creH (3) 3-6
TEPPUTOPUH

7 | Otnenoynsie paboThI 4 ItykaTypHble padoTsl (5) | 5-7

8 | HacTwmi kpbItm 5 Bo3ssenenue cren (3) 3-8

CerteBast Mojienb (ceTeBOM TpaduK) CTPOUTENHCTBA JOMA JIaHa Ha puc. 2.2.
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Pucynok 2.2 - CeteBoii rpadMK CTpOUTENBCTBA

JIBe paboThl, COOTBETCTBYIOMIME ayre 4-8, mapayuieNbHbl, X MOXKHO JIMOO 3aMEHUTH
OJIHOM, TMPEACTABISIONIEH COBMECTHYIO ONEpAlMI0 (MOHTaX »3JIEKTPONPOBOAKM M HACTHI
KPBIIIM) C HOBOM omepareil IUTeNbHOCThI0 3+5=8, mrnbo BBeCTH Ha OJHOU Ayre (UKTHBHOE
coOBITHE.

JIMHrBHCTHYECKHE MOEJIH

Mojenp Ha3bIBAETCA S3bIKOBOM, JIMHTBUCTUYECKOM, €CIIM OHA MPEACTABIEHA HEKOTOPBIM
JUHTBUCTUICCKUM O00BEKTOM, (POPMATTM30BAHHON SI3BIKOBOM CHCTEMOW MU CTPYKTYPOM.

WHorna Takue Mojieny Ha3bIBAIOT BEpOATbHBIMU, CHHTAKCHYECKUMU.

Hanpumep, mpaBuiia JOpOKHOTO JABUKEHHUS - A3bIKOBasi, CTPYKTYpHAast MOJEb JIBHKEHUS
TPaHCIOPTA U MEUIEX0J0B Ha IOPOrax.

BusyanbHble, HaTypHbIE, FeOMeTPHYECKHE MOAE/IH

Mogenb Bu3yallbHasl, €CIM OHA IMO3BOJSET BU3YaJU3UPOBATh OTHOLIEHUS U CBS3HU
MOJICIUPYEMOM CHCTEMBI, 0COOEHHO B ITMHAMUKE.

Hanpumep, Ha 5KpaHe KOMIIbIOTEPA YacCTO MOJIb3YIOTCS BU3YaJIbHOM MOJENBIO TOTO MU
WHOTO 00BEKTAa.

Mopnens HaTypHasi, €CJIM OHa €CTh MaTepualbHas KOMUs 00bEeKTa MOICTHUPOBAHUS.

Hampumep, rno0yc - HaTypHast reorpadudaeckast MOI€b 36MHOTO TI1apa.

Mopnens reoMeTpuueckas, rpaduueckas, eciau OHa TPEIACTaBHUMa T€OMETPUYECKUMU
o0OpazamMu 1 0OBEKTaMHU.

Hanpumep, MakeT noma sIBIS€TCS HATypHOM T€OMETPUUYECKOW MOJIETBIO CTPOSILIErOCs
aoma. Brmcannriii B OKPY>KHOCTb MHOI'OYI'OJIBHUK Ia€T MOJACIb OKPY>XHOCTH. Hmenno ona
UCTIONB3YETCS PU N300paKEHUN OKPYKHOCTH Ha dKpaHe KommbioTepa. [Ipsimas muHus sBiseTcs
MO/IETIbIO YHCIIOBOM OCH, a TNIOCKOCTh YacTO U300pakaeTcs, Kak MmapajjiesiorpamMmm.

CucremMa KJeTOYHbIX ABTOMATOB

Mogens KIeTOYHO-aBTOMATHAs, €CJIM OHA MPEACTaBMMAa KIETOYHBIM aBTOMATOM WJIU
CHCTEMOH KJIETOYHBIX aBTOMATOB.

Krnerounslii aBTOMAaT - AWCKpPETHAs JAMHAMUYECKas CHCTEMa, aHAJIOT (PU3WYECKOTO
(menpepbiBHOTO) moJisA. KierouHo-aBTOMaTHasi T€OMETpHUs - aHAJIOr E€BKIHUJIO0BON T€OMETpHH.
Henenumplii »neMEHT €BKIHMIOBOM T€OMETPUM - TOYKA, HA OCHOBE €€ CTPOSTCS OTPE3KH,
MpsIMbIE, IUNIOCKOCTH U T.J.

Henenumplii 37€MEHT KJIETOYHO-aBTOMATHOTO TOJS - KIIETKA, HA OCHOBE €€ CTPOSITCS
KIACTephl KJIETOK W pa3iuyHble KOH(MUTYpalMu KIETOYHBIX CcTpykTyp. [IpeacraBusiercs
KJIETOYHBIA aBTOMAaT paBHOMEPHOI CeThi0 KJIEeTOK ("'stueek') AToro mosis. DBOIIOLUS KIETOYHOTO
aBTOMAaTa pa3BOpPaYMBAETCS B TUCKPETHOM IPOCTPAHCTBE - KJIETOYHOM IIOJIE.

CMeHa COCTOSIHUM B KJIETOYHO-aBTOMATHOM IIOJIE MPOUCXOJUT OJHOBPEMEHHO U
MapaJuiebHO, & BPEMS MAET AUCKPETHO. HecMOTps Ha KaXyIIyroCs MPOCTOTY UX MOCTPOEHUS,
KJIETOYHBIC aBTOMAaThl MOTYT JEMOHCTPHUPOBATh Pa3HOOOPA3HOE U CIIOKHOE TOBEACHHUE
00BEKTOB, CHCTEM.

B mnocnegnee Bpemsi OHHM IIMPOKO MCIHOJB3YIOTCA MNPH MOACIUPOBAHUM HE TOJIBKO
(bU3HYECKUX, HO U COIIMATbHO-9KOHOMHUYECKUX TPOIIECCOB.

DpakTaJbHbIe MOAEIH

Mogenp Ha3biBaeTcs (ppakTaJbHOH, €CIM OHA OINHKCBHIBAET SBOJIIOLHUIO MOJCIUPYEMOM
CHCTEMBI 3BOJIOLUEN (PpaKTaTbHBIX OOBEKTOB.

Ecnn ¢usnueckuii 0O0bEKT OJHOPOJHBINA (CIUIONIHOI), T.. B HEM HET MOJOCTEH, TO
MOXHO CYMTaTh, YTO €ro IUIOTHOCTh HE 3aBUCUT OT pasMepa. Hampumep, nmpu yBenmdeHUH
napaMerpa o0bekta R 10 2R Macca oObekta yBenuuutes B R* pas, ecii 00beKT - Kpyr u B R’
pa3, eciu OOBEKT - HIap, T.e. CYIIECTBYET CBA3b Macchl M AMuHBL. IlycTh n - pa3smMepHOCTH
npoctpancTBa. OOBEKT, Y KOTOPOTO Macca U pa3Mep CBsi3aHbl, Ha3biBaeTcs "KOMHakTHbIM". Ero
IUIOTHOCTb MOKHO PAacCUUTATh 10 popMmyie:
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Ecinu 00bekT (cucrema) ymoietBopser cootHomenuo M(R) ~ R™, rae f(n) < n, to
Takol OOBEKT Ha3bIBaeTCs (PpaKkTaibHBIM.

Ero miotHOCTh HE OyAeT OAMHAKOBOMW JUIsl BCEX 3HA4YeHHMU R, To oHa Maciradupyercs
coryacHo gopmyie:

MR
olR) ~ 5

Tak kak f(n) - n < 0 mo ompeneneHuto, TO IUIOTHOCTh (PPAKTAIBHOTO OOBEKTa
yMEHbIIIaeTcsl ¢ yBenmuueHueM pasmepa R, a p(R) sBugercs KoaudecTBEHHON Mepoi
pa3psHKEHHOCTH 0OBEKTA.

[Ipumep dpakranpHOM Momenu - MHokecTBOo Kantopa. PaccMorpum otpeszok  [0;1].
Paznenum ero Ha 3 yactu M BBIOpOCHM cpenHuil oTpe3ok. OcraBiimecss 2 MPOMEXYTKa OISTh
pazenuM Ha TPU YaCTH W BBIKMHEM CpPEIHHE IMPOMEXYTKM U T.A. [lomyuum MHO)keCTBO,
HaszplBaeMoe MHokecTBOM Kanropa. B nmpenene 1moslydyaeM HECUETHOE MHOYKECTBO
M30JIMPOBAHHBIX TOYEK.

) — e p—————
0 1/9 29 173 273 719 89 1

Pucynok 2.3 - MuoxectBo KanTopa s 3-x neneHuit

. plter

5.2 ABTOMATU3AIIUA UH)XEHEPHBIX PACYHETOB

OcHoBHbIE CBOIICTBA MOJ€EJIN U MOAC/IHPOBAHUA

['panuubl MeXay MOAENSIMU Pa3IMYHOTO BHJIa BECbMa YCJIOBHBI. MOKHO TOBOPUTH O
pa3IMYHBIX PEXKHMaxX HCIOIB30BAaHUS MOJIEJCH - WMHUTAIlMOHHOM, CTOXaCTUYECKOM,
JTUHAMUYECKOM, JETEPMUHUPOBAHHOM U JIP.

Kak mnpaswmno, monmens BkimodaeT B ceOsi: o0ObekT O, cyObekT A (He 00s3aTenbHO) |,
3anauy Z, pecypcol B, cpeny monenupoBanus C.

Mogenp MOXHO mpeacTaBuTh GopmansHo B Buae: M =<0, A, Z, B, C>.

OCHOBHBIC CBOMCTBA JIH000H MOJICIH:

1. [lenenampaBiaeHHOCTh - MOJIETb BCETJa OTOOpakaeT HEKOTOPYIO CHCTEMY, T.€. UMEET
1[eJTb TAKOTO OTOOpAKCHHUS,

2. KoneuHocts - Mozenb OTOOpakaeT OpPUTHHAJI JUIIh B KOHEYHOM YHCIE €ro
OTHOUIEHUH U PECYPChl MOJCIMPOBAHUS KOHEUHBI;

3. YIpoIieHHOCTh - MOJIeNTb 0TOOpakaeT TOIBKO CYHIECTBEHHBIE CTOPOHBI OOBEKTA U OHA
JIOJKHA OBITH TIPOCTA JUISl KCCIIEIOBAHUS WIIM BOCTIPOU3BEICHUS;

4. HarnsimaOCTH, 0003pUMOCTh OCHOBHBIX €€ CBOWCTB M OTHOIIICHUIA;

5. JIOCTYITHOCTh ¥ TEXHOJIOTUYHOCTD JIJISl UCCIIEIOBAHUSI MJIA BOCIIPOU3BEICHNUS;

6. UupopmMaTuBHOCT - MOMAENH JAOJDKHA COJAEPXKaTh TOCTATOYHYIO HHGOPMAIHIO O
cucreMe (B paMKax THIOTE3, MPUHATBIX MPU MOCTPOCHUHM MOJIENH) M JOJDKHA JaBaTh
BO3MOKHOCTH TIOJIy4aTh HOBYIO HH(OPMAIIHIO;

7. IlomHOoTa - B MOJAENH MOJKHBI OBITh YYTEHBI BCE OCHOBHBIE CBSI3U M OTHOIICHHS,
HEOOXOAMMBIE JIJIs1 00eCTIeUeHUs 1IeTTU MOICITMPOBAHUS;

8. YmpaBisieMocTh - MOJENb JOHKHA MMETh XOTS Obl OJUH MapaMeTp, W3MEHEHUSIMU
KOTOPOT'0 MOYXHO MMUTHPOBATH MMOBE/ICHNE MOACIUPYEMOM CUCTEMBI B PA3IUYHBIX yCIOBHUSX.

7KM3HEeHHBIN IHMKJ MOJAETHPYEMOH CHCTEMBbI

JKW3HEHHBIN UK MOETUPYEMON CUCTEMBI COCTOUT U3 CIEAYIOIIMNX ITAIOB:

1. Coop wuHpopmanmu 00 O0O0bEKTe, BBIABIKCHHE THUIOTE3, IPeIBAPUTEIbHBIN
MOJICTBEHBIN aHAJIN3,

2. IlpoexTupoBaHue CTPYKTYpBI U COCTaBa MoJiesiel (moamMoieneil);



3. IlocTpoenue cneunpuKauii MoaeIH, pa3padoTKa U OTIaKa OTJEIbHBIX MOAMOJICICH,
cOOpKa MOJIENN B LIEJIOM, HJIeHTUUKaLUs (€CIIN ATO HY>KHO) TapaMeTpOB MOJEIeH;

4. UccrnenoBanre MOJAETH - BBIOOpP METOJA HCCIEAOBaHHMS M pa3paboTka anropurma
(mporpammbl) MOJEIUPOBAHMS;

5. VccnenoBaHue alekKBaTHOCTH, YCTOHUYUBOCTH, YyBCTBUTEIILHOCTH MOJIETIH;

6. O1IeHKa CPENICTB MOJICTUPOBAHUS (3aTPauyeHHBIX PECYPCOB);

7. IHTepripeTaiusi, aHajau3 pe3yibTaTOB MOJAEIMPOBAHUS U YCTAHOBJICHHE HEKOTOPHIX
MPUYHHHO-CJICICTBEHHBIX CBSI3€H B HCCIIEyeMON CUCTEME;

8. I'eHepanust OTYETOB M MPOEKTHHIX (HAPOTHO-XO3IHCTBEHHBIX ) PEILICHUIA;

9. YrouneHue, MomupUKaIHs MOICIH, €CIIH 3TO HE0OXO0AUMO, U BO3BPAT K HCCIICIYEeMON
CHCTEME C HOBBIMH 3HAaHUSIMH, TOJTYYEHHBIMU C TIOMOUIBIO MOJIETH U MOJICTUPOBAHMS.

MopaeanpoBaHue KaK MeTOJ CHCTEMHOI'0 aHAJIHU3a

YacTo B CHCTEMHOM aHaldW3€ IMpPU MOJEIBHOM TMOJXOJE€ MCCIEIOBAHUS MOXKET
COBEPIATHCS OJTHA METOAMYECKasi OMKOKa, a UMEHHO, - IIOCTPOCHUE KOPPEKTHHIX U aJCKBATHBIX
Mozenen (moaMojieneil) MOJCUCTEM CHUCTEMbl M UX JIOTMUYECKHM KOPpPEKTHas yBs3Ka HE JaeT
rapaHTU KOPPEKTHOCTH MTOCTPOECHHOM TaKUM CITOCOOOM MOJIENIA BCEH CHCTEMBI.

Mopnenb, mocTpoeHHass 0e3 ydeTa CBsi3€dl CHUCTEMBI CO CpEIOi, MOXKET  CIYKUTh
MOATBEPKICHNEM TeopeMbl ['enensi, a ToUHee, €€ CIACACTBUS, YTBEP)KIAIOIIEr0, YTO B CIOKHON
M30JMPOBAHHONM CUCTEME MOTYT CYIIECTBOBaTh UCTUHBI U BBIBOJIbI, KOPPEKTHBIE B ATOW CHCTEME
Y HEKOPPEKTHBIC BHE €€.

Hayka moaenupoBaHHsi COCTOMT B pa3leieHHHM Mpolecca MOACIUPOBAHUS (CUCTEMBI,
MOJIeNIM) Ha dTambl (MOJACUCTEMBI, IOAMOJENHN), ACTAIBHOM H3YYCHHH KaXJOro JTama,
B3aMMOOTHOIIICHUH, CBSI3€H, OTHOIICHUN MEXIy HUMHU U 3aTeM 3()PEKTUBHOTO OMUCAHUS UX C
MaKCUMaJIbHO BO3MOXKHOU CTEMEHBI0 (hOpMaTTU3aIiK U aICKBATHOCTH.

B cnyuae HapymeHuss 3THX MNpaBWI TOJy4aeM HE MOJEIb CHUCTEMBbI, a MOJEIb
"COOCTBEHHBIX U HEMOIHBIX 3HAHMIA".

MonenupoBaHue paccMaTpuBaeTcs, Kak ocodast hopMa IKCIIEPUMEHTa, YKCIIEPUMEHTa He
HaJ| CaMHM OPHUTHHAJIOM, T.€. TMPOCTBHIM WJIH OOBIYHBIM DKCIIEPUMEHTOM, a HaJ KOIHEeH
OpuTHHaja. 37eCh BayKEH N30MOP(PU3M CUCTEM OPUTHHAIBHON M MOJCIBHOM.

N3omopdu3m - paBEeHCTBO, OJIMHAKOBOCTD, MOJ00NE.

Mogenu u MOAEIMPOBAHKE TPUMEHSIOTCS IO OCHOBHBIM HaIPABJICHUSIM:

- B 00y4eHHH, B TIO3HAHUU U pa3pabOTKe TEOPHH HCCIICTyEMbIX CUCTEM;

- B MPOTHO3UPOBAHUY (BBIXOJHBIX JIaHHBIX, CUTYaIHi, COCTOSIHUN CUCTEMBI),

- B YNpaBJIeHUU (CUCTEMOM B IIEJIOM, OTACIBHBIMU €€ TI0JICUCTEMaMH ),

- B aBTOMaTHU3alMH (CHCTEMBI WM €€ OTACIIBHBIX TIOJICHCTEM).

Kiuacenpukanust BHIAOB MOJeJIUPOBAHUS

Momemporazots

Fremecioe Marrmenremos

AR e Eomomrorepzioe

Tremerse  THTHCTHSE e

i o

Hrerrarro o

Pucynok 3.1 - Knaccuduxanust BUI0B MOICTUPOBAHUS



[Ipu ¢uznyeckoM MOIETMPOBAHUHM HCIOIB3YETCS cama CHUCTeMa, TUO0 MojoOHas eil B
BHJIC MaKeTa, HapuMep, JICTaTeIbHBIN anmapar B adpoJIMHAMHYECKON Tpyoe.

MareMatuueckoe MOJEIUPOBAHUE €CTh IMPOLIECC YCTAHOBJIEHUSI COOTBETCTBUS peaIbHOM
CHUCTEeME S MaTeMAaTHYeCKOW MoJesn M 1 HccienoBaHue 3TOW MOJIENIH, TTO3BOJISIONIEE MOTYYUTh
XapaKTEPUCTUKU PEAIbHON CUCTEMBI.

[Ipy aHATUTHYECKOM MOJEIMPOBAHUU TIPOIECCHl  (DYHKITMOHHPOBAHUS JIIEMEHTOB
3aMUCHIBAIOTCS B BHJIE MaTEMAaTHUYECKUX COOTHOLICHHWH (anre0panyecKux, HHTErpajbHbBIX,
i pepeHInanTbHBIX, TOTUYECKUX U Ip.).

AHanuTudeckas MOACIb MOXKET OBITh UCCICAOBAHA METOIAMMU:

- QHAIUTUYECKUMH (YCTaHABIMBAIOTCS SIBHBIC 3aBUCHMOCTH, MOJIY4YalOTCs,, B OCHOBHOM,
aHAJIMTUYECKUE PEILICHHUS );

- YUCJICHHBIMH (I10JIy4at0TCs MPUOIMKEHHbIE PEIICHNS);

KowMmmberoTepHoe mMareMaTHdeckoe MoAenupoBaHue (GopMynHpyeTcs B BHIE alropuTMma
(mporpammbl st OBM), 9TO MO3BOJIAET TPOBOAWUTH HAJ MOJCIBI0 BBIYHCIUTEIBHBIC
JKCIIEPUMEHTHI.

YucrieHHOe MOICTUPOBAHUE HCTIONB3YET METO/bl BEIYUCIUTEILHON MAaTEMATHKH.

CratucTrueckoe MOJEIUPOBAHKUE UCIIONB3YeT 00padOTKYy AAHHBIX O CHCTEME C IEIbI0
MTOJTYYCHUS] CTATUCTUIECKUX XapAKTEPUCTHUK CHCTEMBI.

NmutanioHHOE MOJENMpPOBAHUME  BOCHPOM3BOAUT Ha OBM (umuTupyer) mnpoiiecc
(YHKIIMOHUPOBAHUSI  UCCIEAYEMOW CHUCTEMBI, COOJIO/as JIOTUYECKYI0 H  BPEMEHHYIO
MOCJIEI0BATEIbHOCTh MPOTEKAHUsI MPOLECCOB, YTO MO3BOJISIET y3HATh JIaHHBIE O COCTOSIHUU
CUCTEMBI WJIA OT/ACIBHBIX €€ DJIEMEHTOB B OTPE/ICIICHHBIC MOMEHTHI BPEMEHHU.

[IpumeHeHne MaTeMaTHYeCKOrO MOJACITUPOBAHUS IO3BOJISIET HCCIENIOBaTh OOBEKTHI,
peanbHbIC SKCTIEPUMEHTHI HaJl KOTOPBIMU 3aTPyTHEHBI WIH HEBO3MOKHBI.

DxoHoMHYecKHid A((HEKT MpU MaTeMaTUYECKOM MOJEIHPOBAHUHM COCTOUT B TOM, UYTO
3aTpaThl HA MPOCKTUPOBAHUE CUCTEM B CPEIHEM COKpamarTes B 50 pas.

Mathcad — cucrema KOMIIBIOTEPHOI aJredpbl

Mathcad — cuctema KOMIBIOTEpHON areOphl U3 Kilacca CUCTEM aBTOMAaTHU3MPOBAHHOTO
NPOCKTHPOBAHUS, OPHEHTUPOBaHHAas Ha MOJrOTOBKY HWHTEPAKTHBHBIX JOKYMEHTOB C
BBIUHCICHUSIMU U BU3YaJIbHBIM COINPOBOXKJIEHUEM, OTJIMYAETCS JIETKOCTHIO HCIOJIb30BAaHUS M
NPUMEHEHHUS JJIs1 KOJUIEKTUBHOU PabOTHI.

[Mupokuit unTepec k cucreme Mathcad mpusen k Ttomy, uro B Poccun HakoHeU-TO
MOSIBUJINCHh KHUTHU 1O OTJENbHBIM BepcusiM. Cuctema Mathcad 6buta cozmana B 80-x romax B
yuuBepcutere Crandopaa (CILLIA).

CoBpemeHHbIE BEPCHUU JUIS ITIK rotoBuT ¢upma MathSoft Application.
JIOCTOMHCTBO — MIPOrPaMMUpPOBAHNE HA  S3bIKE  MAaTEMaTHKU. OTO0  YHHUBEpCAJbHBIN
MaTeMaTHYecKuil nuTepdeiic:

- EcTp MomHas nogaep:xka rpaduku.

- Bo3amoskeH uMmopt rpaduku u3 Apyrux MporpaMm.

- Bonpmioe koMYeCTBO BCTPOSHHBIX MaTeMaTUYECKUX (PYHKIMHA (COTHN).

- BctpoeHHble cripaBOYHUKH MO MIPEMETHBIM 00JIACTSIM.

- Bo3morxaa anuManms.

- CUMBOJIbHAsI MaTeMaTHKa.

Henocratkwn:

- DTO UHTEPIIPETATOP.

- Bo3moskHOCTH ITPOrpaMMUpPOBaHUS OTPAaHUYEHBI.

Cuctembl Mathcad monb3yroTcsi OrpOMHOI MOMYJISIPHOCTBIO BO BCEM MHUpe Oiaropaps
YAOOHBIM Cpe/ICTBAM MOJATOTOBKU JOKYMEHTOB, UIMEIOIIMUX BUJ OOBIYHBIX CTaTed WM KHUT. B TO
’KE BpPEMS OKAa3bIBAETCs, YTO OTU CPEACTBA BIIOJHE JOCTATOUHBI AJIS PEIICHUs MOJABIISIOIIETO
OO0JIBIIMHCTBA 3a7]a4 M0 MaTeMaTHKe, GU3UKU U APYTUX HAMPABICHUNA HAYKU U TEXHUKH.

Mathcad sBisieTcss MareMaTudeck OPUEHTHPOBAHHBIMH YHHBEPCAJIBHBIMU CHCTEMaMHU.
[TomMrMO cOOCTBEHHO BBIYMCICHHWN OHHM TO3BOJSIOT pemaTh oQopMmuTenbckue 3anadu. OHH



MIO3BOJIAIOT TOTOBUTH CTAaThbU, KHUTH, AUCCEPTALUN, HAYYHBIE OTUYETHI, TUIUIOMHBIE U KypCOBBIE
MIPOEKTHI C JIOCTYIHBIM HAOOPOM CaMBIX CIIOXKHBIX MaTeMaTH4YeCKHX (OPMYJ U M3BICKAHHBIM
rpauuecKuM MpeICTaBICHUEM Pe3yIbTaTOB.

C camoro mepBOoro cBoOero MosiBICHHUs cucTeMbl kinacca Mathcad umenu ynoOHBII
MI0JIb30BATENbCKUNA HHTEP(Eic — COBOKYITHOCTh CpPEICTB OOIICHMS C MOJb30BAaTElIEM B BHJIE
MacHITaOUPyEMBIX M MEepEMEIIaeMbIX OKOH, KHOMOK M MHBIX AJIEMEHTOB. Y ATOW CHUCTEMBI €CTh
3¢ PeKTHUBHbBIE CPEICTBA TUIIOBOW HAYYHOH IpadUKH, OHU MPOCTHI B IPUMEHEHUU U HHTYUTUBHO
noHsTHeI. CiioBoM, cuctembl Mathcad opueHTHpOBaHBI Ha MaccoBOTrO TMOJb30BaTeNsd — OT
YYEHHKA Ha4aJIbHBIX KJIACCOB JI0 aKaJEMUKA.

Hecmotps Ha To, 4TO 3Ta mporpamMma B OCHOBHOM OpPHEHTHpPOBaHa Ha MOJIb30BaTENIEH-
HernporpaMMucTtoB, Mathcad Takke wucmonb3yeTcss B CIOXKHBIX — INPOEKTaX, YTOOBI
BU3YaJIM3UPOBATh PE3yJIbTaThl MAaTEMaTHYECKOrO0 MOJEIUPOBAHUS, IyTeM HCIOIb30BaHUS
pacripesieIéHHBIX BBIYUCICHUN U TPaJUIMOHHBIX S3BIKOB MporpaMmmupoBanus. Tawoke Mathcad
4acTO MCIONB3YeTCsS B KPYIHBIX HMH)KEHEPHBIX IIPOEKTax, I/e O0JbllIoe 3HaYeHHE UMEET
TPacCUpPyEMOCTb U COOTBETCTBUE CTaHIAPTAM.

Mathcad mocraTodHo ya00HO UCTIONB30BaTh AJIsI O0yUEHHUS, BEIYUCICHUN U WHKEHEPHBIX
pacueroB.  OTKphITasg  apXUTEKTypa NPUIOKEHUS B  COYETAaHUUM C  MOAJEPIKKON
texHosornii NET u XML 1no3BoJISrOT JIETKO HHTETPUPOBATh IPHIIOKEHHE.

PaccmoTtpuMm Hanbosee 4acTo mpuMeHsieMble (YHKIMU A CTAaTUCTHYECKUX PacyeTos,
KOTOpBIE BCTPOEHBI B IPOTPAMMY .

5.3 KOMIIBIOTEPHAS PEAJIM3AIIA NMHXXEHEPHBIX PACYHETOB

MartemMaTH4ecKkoe MOIeTHPOBAHUE CJI0KHBIX CHCTEM

Bynem cumrtath, 4TO BIIEMEHT S €CTh HEKOTOPBI O0BEKT, 00JIaAAIOIINUN ONpeIeICHHBIMU
CBOWCTBaMH, BHYTPEHHEE CTPOCHHWE KOTOPOTO JUIS IeJieH WCCIeJOBAaHUS HE WrpacT poJy,
HampUMep, CaMoJIeT AJIsi MOJCIMPOBAHUS TIOJIETa — HE DIIEMEHT, a JJIsi MOJICITUPOBAHUs PabOThI
a’poTIopTa — JICMEHT.

CBs3b [ MeXay dJIEMEHTaMU €CTh IMPOLECC UX B3aUMOJICHCTBUS, BXKHBIM IS Ienei
HCCJIETOBAHUS.

Cucrema S — COBOKYMHOCTH JJIEMEHTOB CO CBSI3SIMH [ U TENbl0 (DYHKIMOHHUPOBAHUS
cucteMsl F.

CnoxHasi cuctemMa — OTO CHCTEMa, COCTOSIIAs U3 PA3HOTHITHBIX JIIEMEHTOB C
Pa3HOTHITHBIMH CBSI3SIMHU.

Bonpmiasg cucrteMa — 3TO CHCTEMA, COCTOAMIAs M3 OOJBIIOrO 4YHCIa OTHOTHUIIHBIX
SJIEMEHTOB C OJHOTHUITHBEIMU CBA3SIMHU.

B o6miem Buje cucteMy MareMaTHUYeCKH MOKHO TIPEJICTaBUTh B BUJIC:

S ={s), {0, F}

ABTOMATU3UpPOBaHHAs CHUCTeMa S, €CTh CJOXKHAs CHUCTEMa C OMpPEACISIONIeH pOJIbIo
AJIEMEHTOB JIBYX THUIIOB: TEXHUYECKHUX c;}yez[CTB Sr M ICUCTBUH YeJIOBEKa Sy:

Sﬂ = {ST}J{SH}J{SGI}J{£ }:IF
311eCh Sp - OCTAIBLHBIE DJIEMEHTEI CUCTEMBL.

JlekoMIO3UIIUS CUCTEMbI. XapPAKTEePUCTUKH CHCTEMbI

I[GKOMHO?:I/II_II/I}I CHUCTEMBI €CTb p2136I/ICHI/I€ CUCTCMbI Ha JJICMCHTBbI WM TIPYIHIIbI
AJIEMEHTOB C YKa3aHUEM CBSI3ed MEXIy HUMH, HEM3MEHHBIMU BO BpeMs (yHKIMOHHPOBAHUS
CHUCTCMBI.

[TpakTHueckn Bce CHUCTEMBI paccMaTpUBAIOTCA (QYHKIMOHUPYIOUIMMH BO BpPEMEHH,
IMO3TOMY OIIPCACIIMM UX NTUHAMUYCCKUC XapPAKTCPHUCTHUKHU.

CocTosiHHE — 3TO MHOKECTBO XapaKTEPUCTUK AJIEMEHTOB CHCTEMbI, U3MEHSIOIIUXCS BO
BPEMEHU M BXHBIX JJIS 1IeTIeH ee PyHKIMOHUPOBAHHUS.



[Iponece (qMHaMuKa) — 3TO MHOYKECTBO 3HAYEHUN COCTOSIHMNA CHCTEMBbI, U3MEHSIOIINXCS
BO BPEMEHU.

Lenb (yHKIMOHMPOBAHUS €CTh 3ajaya MOJYYEHHUs JKEIaeMOr0 COCTOSHUS CHCTEMBI.
JlocTmkeHne 1eau  OOBIYHO BIIEYET IIeJICHANpaBiIeHHOE BMELIATENLCTBO B IPOIECC
(YHKIIMOHUPOBAHUS CUCTEMBI, KOTOPOE HAa3bIBACTCSI YIIPABICHUEM.

1. Pacuer - onpeneneHre 3Ha4€HU TapaMeTPOB CUCTEMBI.

2. AHanu3 — u3y4yeHue CBOMCTB ()YHKIIMOHUPOBAHUS CUCTEMBI.

3. CuHTe3 — BBIOOP CTPYKTYPHI U TApaMETPOB IO 3a/1aHHBIM CBOWCTBAM CHUCTEMBI.

ITapamerpsl cuctemsbl. Pa3oBasi TpaekTopus. Pa3oBoe NPOCTPAHCTBO

[Tycte T = [to, ti] ecTh BpeMeHHON WHTEpBal MOJCIUPOBAHUS CHUCTEMBI S (MHTEpBAI
MOJIETILHOTO BPEMEHM).

[TocTtpoeHne Mojaenu HauMHAETCS C OIpeNeeHHs] MapaMeTpoB U IEPEMEHHBIX,
OIIPEIEIIAIONINX MPOLecC PYHKIMOHUPOBAHHS CUCTEMBI.

[Mapamerpsr cucrembl &,.6.....6, - 3TO XapaKTEPUCTUKU CHCTEMBI, OCTAIOLIHECS
IIOCTOSIHHBIMU Ha BceM HHTepBaie T.

[lepemenHble ObIBAalOT 3aBUCUMBIE U HE3aBHCHMBIE.

He3aBucumble nepeMeHHbIE €CTh, KaK IPaBUJIO, BXOAHBIE BO3JACHCTBUS (B TOM 4YHCIIE
YIIPaBJISAIONINE)

w=ult) = @), ) eU c R?

UMH MOTYT OBITh TaKXe BO3JCHCTBUS BHEILIHEH CpeIbl.
[locnenoBarenpHOCTh U3MEHEHUs X(t) mpH
Lty < <ty

Ha3bIBaeTCs (Pa30BOil TPAEKTOPUEH CUCTEMBI,

x € X ,rne X — IpOCTPAaHCTBO COCTOSHUM MM (pa30BOE IPOCTPAHCTBO.
[TocnenoBarenbHOCTh U3MEHEHHS Y(t) Ha3bIBaeTCsl BBIXOJHOU TPACKTOPHEN CHCTEMBI.
3aBUCHMbIE TIEPEMEHHBIE €CTh BBIXOJIHbIE XapaKTEPUCTUKU (CUTHAJIBI)

y=y)=(3@)y, ©)e¥ c R™

MartemaTu4eckasi MoJe/Ib CHCTEMbI
Obmas cxema MmMatemarnyeckoil mozenu (MM) (QyHKIMOHUPOBAaHUS CHUCTEMBI MOXKET
OBITH MTPEJCTABIICHA B BUIE, TOKa3aHHOM Ha ?HcyHKe 4.1.

Jw,v,ﬁ,x,yJ

MHO0X€eCTBO EPEMEHHBIX BMECTE C 3aKOHaMH (DYHKIIMOHUPOBAHUS

L(E) =z
i

Ha3BIBACTCS MAaTEMaTHICCKOM MOACIBKO CUCTEMBI.

) . L)

Pucynok 4.1 — MaremaTtuyeckasi MOJIE€Ib CUCTEMBI

Ecnu t HCIIPECPBIBHO, TO MOJCJIb HA3bIBACTCA HerepBIBHOﬁ, HMHa4YC — ,ZlPICI(pGTHOIZZ

F=1-4i=12,..)



Ecin Mozmene HE CONEPKUT ClIy4yaillHbIX DJEMEHTOB, TO OHA  HAa3bIBAETCS
JNEeTEPMUHUPOBAHHOM, B TPOTUBHOM CITy4ae — BEPOSATHOCTHOM, CTOXaCTUYECKOM.

Ecin MaremaTHMueckoe ONMCAHWE MOJEIU CIHLIKOM CJIO0KHOE€ W YaCTUYHO HJIH
MOJIHOCTHIO HEONPEJIEIIEHHO, TO B 3TOM CITyyae MCHOIb3yIOTCS arperaTUBHbIE MOJIEIH.

CyIHOCTh arperaTuBHOW MOJIENIN 3aKJII0YaeTcss B Pa3OMEHHM CUCTEMBl Ha KOHEYHOE
YHICIO0 B3aMMOCBSI3aHHBIX 4YacTeil (MOACHCTEeM), KaXK[ash M3 KOTOPBIX JIOMYCKAaeT CTaHJapTHOE
MaTEMaTHYECKOE ONMCAaHUE. DTH MOJACUCTEMBI Ha3bIBAIOTCS arperaTraMy.

MonenvpoBaHue Ciy4alHbIX 3JEMEHTOB B CHUCTEMax SBISETCS OJHOM U3 CaMbIX
0a30BBIX 33/1a4 MAaTEMAaTUYECKOTO MOACTHUPOBAHHUSI.

Turnbsl 6a30BBIX TaTYUKOB:

- puznueckue (000N (u3MUECKHl IIyMm), B TOCJIEIHEe BpeMs IMPAKTHUECKH  He
UCIOJIB3YIOTCS, T.K. XapaKTePUCTUKU HECTAOMIIbHBI M peaIU3alluio0 MIOBTOPUTH HEJb3s;

- TICEBJIOCITyYaliHbIe TaTYNUKH.

TpebGoBanust kK 6a30BBIM JaTUUKAM:

OTpe30K anepuoJuIHOCTH.

PaBHOMEpPHOCTS.

HekoppennpoBaHHOCTE.

DYHKIUH Pperpeccuu.

HIupoko pacnpocTpaHeHHOU 3a1adyeld 0OpabOTKH JaHHBIX SBISETCS MpEACTaBICHUE UX
COBOKYITHOCTH HEKOTOpol QyHkumed y(x). Takoe mpesicTraBieHune Ha3bIBAETCS perpeccuei.
3amaya perpeccMd B TOM YTOOBI MOJYYHTh MNapaMeTpbl (DYHKIMM TAaKUMH, NPH KOTOPBIX
¢bynkmus  npubmkaer  "o0imako"  HMCXOOHBIX TOYEK € HAWMMEHbIIEH KBaJpaTHYHOM
MOTPENIHOCTHIO.

W3BecTHBI:

- JInneitnas perpeccus (npsiMasi TMHHSA);

- [lonuHoMuanbHas perpeccust (MIOJIUHOM);

- Jluneitnas perpeccus o01ero Bujaa (JIMHEWHas cymMMa MpOU3BOJIBHBIX (PYHKIIHIT);

- Henuneiinas perpeccus o6miero Buia (mpon3BosibHas QyHKIUA);

- JInnelinas perpeccusi.

[Tpu nuneiiHOM perpeccuu GyHKIMS y(X) UMeeT BUA y(X)=ax+b U ONMUCBHIBAET OTPE30K
IPSAMOM.

DyHKUUSA NpeICcKA3ZaHUs

Ha npaxTuke Hepeaxo MPUXOIUTCS CTAJIKUBAThCA C 3ajadyeld pacuéra MOCIeAyIOMIUX
TOYEK MO psALy W3BECTHBIX TOUEK — 3adauedl mpenckazanus. s mpeacka3aHus MOBEIACHUS
¢byHKkunoHanbHOM 3aBucuMocTH B Mathcad wumeercs ¢ynkuwms: predict (data,k,N) —
npejckasanue, rae data — BeKTOp JaHHBIX, K — 4MCI0 TOYEK MPEeIIeCTBYIOUINX MpPeCcCKa3aHuIo,
N - yncno mpeacKa3blBa€MbIX TOUEK JaHHBIX.

OyHKIMS TpeAcKa3aHus 00eCIeYnBaeT BRICOKYIO TOYHOCTh MTPH MOHOTOHHBIX MCXOTHBIX
GyHKUMAX WM QYHKIUSX, IPEJICTABISAEMBIX TOJIMHOMOM HEBBICOKOW CTETICHH.

Oyukuus predict mpuMeHMMa K NPEICKa3yeMbIM COOBITHSIM, IOBEIEHUE KOTOPBIX
OINMCHIBACTCS pEalbHOM MaTeMaTHYeCKOW 3aBUCHMMOCTBIO. B cTpaHax co cTaOuibHOM
HSKOHOMHKOW dTa (YHKIHWS BIIOJIHE MPUMEHHUMA ISl ONWCAHHUS CE30HHBIX M CTaOMIIBHBIX
KoJIeOaHU# Kypca BaJtoT, MpUObUIeH (GupM, Mpoaka TOBApOB H.T.JI.

[Ipumep nocTpoeHMs JIMHEUHON PErPECCHH:
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Breraucium ko3¢ dunmrenTs a U b TuHEHHOM perpeccum:



a = intercept(VX,VY) b= slope(VX,VY)i:=1.6 flz) =a+bxl=-16 b=5.8

corr(VX,VY)=0,99f(3) = 15,8 linterp(VX,VY.,3) =15
I[To 5TUM JaHHBIM CTPOMM TPadUK JIMHEWHON PErPECCHH:

40 | | . T
332,

Lid
o
T
|

e
=
T

1 VX i

Pucynok 4.2 -JIunelinas perpeccus
5.4 JUATPAMMHBIE TEXHUKH

ITonsitue o cratnyeckux rpagukax. OCHOBHBIE 3J1eMeHThI rpadguka

[TomydeHHblii B pe3yibTaTe CTATUCTUYECKOTO UCCIEIOBAHUS MaTepHall HEpelKo
n300pakaeTcs ¢ IMOMOIIBIO TOUYEK, I'€OMETPHUECKUX JUHUA W (UTryp WM reorpaduyeckux
KapTOCXeM, T.€. Tpa(UuKOB.

B craructuke rpadukomM Ha3bIBAIOT HArSAHOE M300paKEHUE CTATHCTUUECKUX BEITUYMH
U MX COOTHOUICHHWH MPH MOMOIIY T€OMETPUUECKUX TOYEK, JIUHUN, GUTYp WIH reorpaduueckux
KapTOCXEM.

[IpencraBienue qaHHBIX B TpaduYeCKOM BHJIE TO3BOJIET pellaTh camble Pa3HOOOpa3HbIE
3aaun. OCHOBHOE JJOCTOMHCTBO TaKOTo MpEACTaBIEHUs — HarasiaHocTh. Ha rpadukax ierko
MMpoCMaTprUBaACTCA TCHACHLUA K H3MCHCHHIO. MoxHO0 AaXXE ONpCACIATH CKOPOCTH N3MCHCHHA
TEHACHIMU. Pa3nnyHble COOTHOLIEHMSI, IPUPOCT, B3aUMOCBSI3b PA3INYHBIX MPOIECCOB — BCE
3TO JIETKO MOKHO YBUJETh Ha rpaduKax.

I'paduky mpuaaroT MU3I0XKEHUIO CTATUCTUYECKUX JAHHBIX OOJBIIYIO HATJSJAHOCTB, YeM
TaOJIMIBI, BBIPA3UTENILHOCTh, O0JIETYal0T MX Bochpusatue W aHanui. CraTucTuyeckuil rpadux
MO3BOJIAET  3pUTENIBHO  OLICHUTh  XapakTep H3y4aeMOIo  SIBJIEHUS, IMPUCYIIHE €My
3aKOHOMEPHOCTH, TEHACHIIN pa3sBUTHA, B3alMOCBA3H1 C ApyrumMu IIoOKa3zaTeJIsiMu,
reorpadguueckoe paspenieHre u3ydaeMbix siBieHui. Eiie B JpeBHOCTH KUTaWIbl TOBOPHIIU, YTO
0JIHO M300pakeHre 3aMEHsIeT ThICAUY CIIOB. I'pauku enaroT cTaTUCTHYECKU MaTepuan 6osee
MOHSTHBIM, JOCTYIHBIM M HECIELHAINCTaM, MPUBIEKAIOT BHUMAaHHE MIMPOKOW ayJIUTOPUH K
CTaTUCTHYCCKUM JAaHHBIM, IOMYJIIAPU3HUPYIOT CTATUCTUKY U CTATUCTUYCCKYIO I/IH(i)OpMaHI/IIO.

[Ipu 060K BO3MOXKHOCTH aHAJINW3 CTAaTUCTUYECKHX NTaHHBIX PEKOMEHIYyeTCsl BCerja
HaYMHATh ¢ WX Tpadudeckoro wmzoOpakeHus. ['paduk MTO3BOISLET cpa3y MOJYYHTH oOOIIee
npescTaBieHne 000 Bcel COBOKYMHOCTH CTAaTMCTHYECKUX MoKazartenei. I'paduueckuii meton
aHaJlM3a BBICTYNAeT KaK JIOTMYECKOE MPOJODKEHHE TaOJUYHOTO METOAa U CIY)KHUT LeNsIM
MOJy4eHHsT OO0OOIIAIOMIMX CTAaTUCTHUECKUX XapaKTEPUCTUK IPOLIECCOB, CBONWCTBEHHBIX
MAaCCOBBIM SIBJICHUSIM.

[Tpu nomoum rpapuyeckoro U300pakeHUsl CTATUCTUYECKUX JAHHBIX PEIAlOTCs] MHOTHE
3aJ]auM CTaTUCTUYECKOTO MCCIIEA0BAHNUSA:

- HarJIsIHOE TIPEJCTaBJICHUE BEJIMYMHBI MOKa3aTesiel (SIBICHWI) B CpaBHEHUH IPYT C
ApYyTOM;



- XapaKTEPUCTHKA CTPYKTYPbl KAKOTO-THOO SIBIICHMUS;

- U3MEHEHHE SBJICHUS BO BPEMEHU;

- XOJ1 BBITIOJTHEHMSI TIJ1aHA;

- 3aBUCUMOCTb MU3MEHEHUS OJIHOTO SIBJICHUS OT U3MEHEHHUS JPYroro;

- pacTpoCTPaHEHHOCTb WM Pa3MelIeHHe KaKuX-T100 BETHMYUH 110 TEPPUTOPHUH.

JpyrumMu  cioBaMH, B CTaTUCTHUECKHUX HCCJIEIOBAaHUSX TMPUMEHSIOTCS  CaMble
pasHooOpa3Hble Tpaguku. B xaxxqoM rpaduke BbIIENAIOT (Pa3IUyaloT) CIEAyIOIINe OCHOBHBIE
AIIEMEHTHI:

- IPOCTPAHCTBEHHBIE OPUEHTUPHI (CUCTEMY KOOPAMHAT);

- rpaduueckuii oopas;

- roJie rpaduxka;

- MacITaOHble OPUEHTUPBL;

- OKCIUTMKALUs Tpaduka;

- HaMMEHOBaHue Tpaduka

Wnorna n.5 v 1.6 00beIMHSAIOT B OJIUH 3JIEMEHT.

A) TlpocTpaHCTBEHHBIE OPUEHTHUPHI 33JJal0TCS B BUJE CUCTEMbI KOOPJAMHATHBIX CETOK. B
CTaTUCTUYECKHX TpaduKax dalle BCEro MPUMEHSETCS CHCTeMa MNPSMOYTOJbHBIX KOOPAMHAT.
WNHorna ucnonb3yeTcsi MPUHLMKI TOJSIPHBIX (YTJIOBBIX) KoopauHAaT (Kpyrosble rpaduxu). B
KapTOorpaMMax CpeICTBaMU IMPOCTPAHCTBEHHOM OPHUEHTALUMH SBISAIOTCA TPaHMIBI FOCYAAPCTB,
IpaHUIbl aJIMUHUCTPATUBHBIX €ro 4YacTei, reorpaduueckue OpUEHTUPHI (KOHTYpPHI peEK,
OeperoBbIX JHMHUM Mopeil MW okeaHoB). Ha ocsix cucTeMbl KOOpPIMHAT WM Ha KapTe B
OTIpEICNICHHOM TOPSIIKE  pacHojiaraloTcs XapaKTepUCTUKUA  CTATUCTUYECKHUX  IPU3HAKOB
n300pakaeMbIX SIBIEHUH WK mpoueccoB. IIpu3Haku, pacmonaraeMble Ha OCSX KOOpPJIMHAT,
MOTYT OBITh KAUE€CTBEHHBIMU MJIM KOJIMYECTBEHHBIMH.

Bb) I'paduueckuit 0Opa3 CTaTUCTMYECKMX NAHHBIX IMPEJICTABISAET COOOWH COBOKYIHOCTb
nuHUN, Quryp, Todek, o0pa3yronmx reoMeTpudeckue (Gurypsl pasHor (Hopmbl (OKPYKHOCTb,
KBaJ[paThl, MPSIMOYTOJIBHUKH U T.II.) C PA3IMYHON IITPUXOBKOM, OKPACKOH, TYCTOTON HaHECEHUs
TOYEK.

JIroboe siBIEHME, U3y4aeMO€ CTAaTUCTHKOM, MOKHO MPEJCTaBUTh B rpaduueckoil hopme.
Jlyist aTOrO TpeOyeTcsi HaWTH MpaBUIIbHOE TpaduuecKkoe peleHrne, ONpeIeauTh TOT Tpaduaeckuit
o0pa3, KOTOpBIM Jyd4Ille BCEro COOTBETCTBYET NAaHHOMY SBJICHHUIO, HarJIsiHee H300pakaer
cTaTucTUdeckue maHHble. ['paduueckuii oOpa3 [OJMKEH COOTBETCTBOBATH IeNu TIpaduka.
[TosToMy mepen mocTpoeHHeM Trpaduka HEOOXOJUMO YSICHUTh CYUIHOCTb SIBICHUS U IIElb,
KOTOpasi CTaBUTCA Mepen rpadudeckuM uzoOpakeHueM. BriOpannas ¢opma rpaduka nomxHa
COOTBETCTBOBATh BHYTPEHHEMY COACPKAHMIO U XapaKTepy CTaTUCTUYECKOTO IOKa3aTels.
Hanpumep, cpaBHeHHe Ha rpaduKke MPOU3BOIUTCS MO TAKUM U3MEPEHUSIM, KaK IUIONIA b, JUIMHA
OJTHOM M3 CTOPOH (PUTYP, MECTOHAXOXKIEHUEM TOUYEK, UX T'yCTOTOH U T.1.

Tak, nns u3o0pakeHUsT U3MEHEHWIl SIBICHUS BO BpEeMEHU Hauloyiee €CTECTBEHHBIM
TUIIOM TpaduKa sBiseTcs JUHus. [ psioB pacnpeeneHus — HOJIUIOH WK THCTOrpamMma.

Kaxxaplii 3 OCHOBHBIX BHJIOB IpadUyecKux M300pakeHU B CTATHCTUYECKOM MpaKTHKe
CTPOMTCS C YYETOM ONPEACIECHHBIX MpaBWl. B cTaTUCTMUECKUX MCCIEN0BAHUAX IJIs BBIACHEHUS
XapaKTEepHBIX YepPT U 0COOEHHOCTEN MAaCCOBBIX SIBJICHHM, MO3HAHUS TUITMYHOTO B ATHX SBJICHUSIX
U pelieHHs APYTuX 3a/ad HIMPOKO HCIOJIb3YETCS CPaBHEHUE OJHUX aOCONIOTHBIX, CPEIHUX U
OTHOCHUTEJIBHBIX CTATUCTUUYECKUX BEJTUYMH C APYTUMHU. AHAIHU3 — 3TO, NMPEXKJIE BCETO CPABHEHUE
U COINOCTaBJCHHWE CTAaTUCTHYECKUX JAHHbIX. Hepeako BO3HHMKAaeT  HEOOXOIUMOCTh
COTIOCTABJICHUSI PE3yJbTATOB CTATUCTHUYECKOIO MCCIEAOBAHUS KOHKPETHOTO SIBICHUS C
BEJIMYMHAMU TUIIMYHOTO (MAEAIBHOrO) SIBJIEHUS aHAJOTMYHOM mpupozsl. [losToMy HarmsiiHOe
npenacraBieHue (rpadguueckoe U300pakeHHE) CpaBHEHMsI CTAaTUCTUYECKUX IIOKa3aTesneit
OTHOCUTCSI K Haubosiee pacHpoCTpaHEHHBIM rpadukaM B craThcTuke. s »TUxX 1eneit
MIPUMEHSIOTCS TUarpaMMBl.

Juarpamma — 310 rpaduueckoe n3o0paskeHHe, HarJsIHO MOKa3bIBAIOIIee COOTHOIICHUE
MEXJy CpaBHHMBAa€MbIMHM BelWYMHaMHU. J[MarpamMma mpencTaBisier coOoil uepTex, Ha KOTOPOM



CTaTUCTUYECKHE JAaHHBIE YCIOBHO H300pa)aroTCs NeOMETPUYECKHMHU JIMHUAMM, QUTypamMu U
TEJIaMU Pa3IMIHBIX Pa3MEPOB.

PaznuuaroT cneayromye OCHOBHbIE BU/bI TPAQHKOB (UarpamMm) CpaBHEHHS:

- CTOJIOMKOBBIE;

- TIOJIOCOBBIE;

- KBaJIpaTHBIE;

- KpYTOBBIE;

- urypHsie.

Jis mocTpoeHHs TuarpaMM HCHOJb3YIOTCS CIEAYIONHEe KOMITBIOTEPHBIE MPOrpamMMBbl
Excel, Mathcad, MATLAB u npyrue.

Jns co3manust rpadukoB B cucteme Mathcad mmeeTrcs mporpaMMHBIN TpaduuecKuii
nporeccop. OCHOBHOE BHUMAaHHE TPU €T0 pa3paboTke ObUIO YACICHO 00ECTICUCHHUIO MPOCTAThHI
3ajjaHus TpadUKOB M HUX MOJUPHKAIMKA C TOMOULIbIO COOTBETCTBYIOLIMX IapaMeTpPOB.
[Iporeccop MO3BONSET CTPOUTH CaMble pa3HbIe TpapUKH, HAPUMED B JIEKAPTOBOW U TOJIIPHOM
crcTeMe KOOPAMHAT, TPEXMEpHbIE TTOBEPXHOCTH, TPaUKH YPOBHEH.

Jlns moctpoenus rpaduKoB HCIONb3YIOTCS MIa0I0HBL. VX nepeueHs coaepKUT MOAMEHIO
Graph menio Insert. BoabIIMHCTBO MapaMeTpoB IpagruecKoro mporeccopa, HeOOXOAUMBIX IS
MOCTPOCHHS TPAPHKOB, M0 YMOIYAHUIO 33Ja€TCS aBTOMATHUYECKH, MOATOMY IS HA4YaIbHOTO
MOCTPOCHUs Tpaduka TOro MIM MHOTO BHJA JOCTAaTOYHO 3a7aTh THUIl rpaduka. B moamenio
Graph conepXuTcsl CTUCOK M3 CEMH OCHOBHBIX THUTIOB rpadukoB. OHH MO3BOJISIOT BBITOJHUTH
CHEAYIOLIME JCUCTBUSA:

X —Y Plot (nexaptoB rpaduk) — coznaTh abI0H ABYXMEPHOIO rpaguka B JeKapTOBOM
crcTeMe KOOpAMHAT;

Polar Plot (monsipubIil rpaduk) — co3nate madao0H rpaduka B MOJISPHBIX KOOPAUHATAX;

3D Plot Wizard (mMacTep TpexMepHBbIX IpauKoB) — BBI30B MacTepa il MOCTPOCHHUS
TPEXMEPHBIX IPa(UKOB C 3aJaHHBIMH CBOHCTBaMU;

Surface Plot (rpaguk moBepXHOCTH) - cO37aTh IIA0JIOH AJIS MOCTPOSHHS TPEXMEPHOTO
rpaduka;

Contour Plot (xapta nuMHUI YpOBHSI) — co3aTh INAOIOH JUIsi KOHTYpHOTro rpaduka
TPEXMEpPHOM MOBEPXHOCTH;

3D Scatter Plot (Toueunslii rpaduk) — co3gaTh IIAOJOH A rpaduKka B BUAE TOUEK
(puryp) B TpexMepHOM MPOCTPAHCTBE;

3D Bar Plot (TpexmepHas cTOJOMKOBas JAMarpamMma) — cO34aTh MIA0JNIOH JUis
n300paKeHHsI B BUJIE COBOKYITHOCTH CTOJIOMKOB B TPEXMEPHOM MPOCTPAHCTBE;

Vector Field Plot (BexkTopHOe mosie) — co3aath 1m1absioH i rpaduka BEKTOPHOTO MOJIs Ha
TJIOCKOCTH.

C nonsTHeM rpaduku CBS3aHO TpEACTaBICHUE O IpadUuecKux OOBEKTaX, MMEIOIIUX
ompe/ieliCHHbIE CBOMCTBA. B OONBITMHCTBE ciiydaeB 00 0OBEKTaxX MOXKHO 3a0bITh, €CJIM BBl HE
3aHUMAeTeCh OOBEKTHO-OPHEHTUPOBAHHBIM IPOrpaMMHMPOBAHUEM. BOJIBIIMHCTBO KOMaH]
BBICOKOYPOBHEBOW TpadMKi OPHEHTUPOBAHBI HA KOHEYHOTO IMOJIb30BaTelsl. OHM aBTOMaTHYECKU
YCTaHABJIMBAIOT CBOMCTBO TpapUUECKUX 0OBEKTOB M 00ECIIeUNBAIOT BOCIPOU3BEICHUE TpadUKU
B HYXXHOH CHCTeMe KOOPAWHAT, AIMTPE I[BETOB, MACIITA0€ U T.1.

IHocTpoenne rpaguka noBepxHocTu B cucreme Mathcad.

[TocTpoeHrne MOBEPXHOCTEH MO MATPHUIE ANIUIMKAT MX TOYEK. [IOCKOJBKY »JIeMEHTHI
Matpullbl M — mepeMeHHbIE C LIETOYMCICHHBIMU HWHJIEKCAMH, TO MEpe] CO3JaHUEM MAaTpPHUILIbI
TpeOyeTcs 3aJaTh HHJEKCHI B BHJE PAH)XHUPOBAHHBIX TEPEMEHHBIX C IEJTOYUCICHHBIMHU
3HAYEHHUSIMH, a 3aTeM YK€ M3 HHUX (OPMHUpPOBATH CETKY 3HAUYEHUHW X M y — KOOpAUHAT IS
anTuIvKaT z(X,y). 3Ha4eHUsS X U y MPU dTOM OOBIYHO JIOJDKHBI OBITH BEIIECTBEHHBIMH YHCIIAMH,
HEPEAKO KaK MOJIOKHUTEIbHBIMU, TaK U OTpULIATEIbHBIMU. [10CIie BRIMOTHEHUS yKa3aHHBIX BBILIE
ompeneneHui BBoauTCs mabnoH rpaduka (komanaa Surface Plot).



NocTpoenne T'paduka [MoBepXHOCTH

z(x,¥) = cos(xy) $VHEIOMA OBYHE INepeMeHHEH H,¥
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Pucynoxk 5.1 - IToctpoenue noBepxHOCTH 0€3 yAaaeHNs: HEBUIUMBIX JTUHUN

HeobxomuMo moctpoutsh rpaduk moBepxHocTH B cucreMe Mathcad, ordopmatupoBas
€ro, MPUMEHUB aITOPUTM (YHKIIMOHATHHOW OKPAcCKHM H yAalleHUE HEBUAMMBIX JUHHA.
[Tokazano, kKak OTGOpMaTUPOBaATh rpaduK, MPUMEHEHHE aNTOpUTMa (HYHKIIMOHAIBHONW OKpPACKH
MOBEPXHOCTHU U YJAJICHUE HEBUAUMBIX JTUHUIA.

Nocrpoerde Fpajema [Mobepsoooo s

TEF) = cos(T ) PYHRIMA OBYX MEePEMEHMHX X,V
1=0.20 i=0.20 L MOUHE TS HEHE WHOSRCH
Mi 2 =10 (j= 1
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Pucynok 5.2 - Tloctpoenue rpaduka moBepXHOCTH B cucteMe Mathcad



ITocTpoenue TpexmepHoro rpaguka B cucreme Mathcad

B mporpamme Mathcad ectb BO3MOXHOCTh TIOCTPOCHHUSI TPEXMEPHBIX TpadukoB — 06e3
3aJ]aHMs MaTPHIl AalIUTMKAT MOBEpXHOCTEeH. EMHCTBEHHBIM HEIOCTATKOM TAKOTO YHPOILEHHOTO
METO/a MMOCTPOSHHSI IOBEPXHOCTEH SBISIETCS] HEONPEACICHHOCTh B MACIITAOMPOBAHUH, TIO3TOMY
rpaduku TpedyroT popMaTHPOBAHUS.

HocrposHMe DpabMEsa NOESPXHOCTH D23
SaOaHMA MATPHIE

=X, ¥ = cos(XT) PYHREUMA OEYX [EPEMEHHHX X, ¥

Pucynok 6.1 - [loctpoenue rpaduka moBepXHOCTH O€3 3aJaHUSI MATPHUIIBI

MpuHeHeHde rpaduueckod dyHrUMH CreateMesh

1. SamannH $VHRIOMID IBYX IepeMeHHBX HiL w) = sthl o)

ul=-2 ul =32
2. SaOanoMH Opelefi MSMEHEHMA IIEpPEMEHHHX
W= -2 vl =12

3. HMenonezyva $vHROMD CreateMesh cozganmm
MaTpHIy HOBEPXHOCTH

= CreateldeshiH w0 ul w0, w1

4.53a0ap HOCTpOEHHe DpadHkRa THIA Jurfasce FPlot, DOTVSHM

Pucynoxk 6.2 - [Toctpoenue rpaduka NOBEpXHOCTH ¢ mpuMeHeHrneM ¢pyHnkuuu CreateMesh



Eme omun npumep npumenenust ¢ynkuumu CreateMesh — mnoctpoeHne 00BEMHOM
¢burypsl, KOTOpast MOJIy4aeTcs BpalleHneM KpUBOil, 3aianHoi pyHkuuel f(x), Bokpyr ocu X mwiu
Y. Ha pucyske 6.3 nokasaH npuMep peuieHHsl JTaHHOW 3a/1auH.

Noc TpoeHMe (UIYVPH, IONYVUSHHOH BpalleHHMeHM KEpPpHBOR
BORPYD oCcH X
fi) = x--:n:nslle a=-1 b=1 mesh = 30
Filu,v) =u Giu,v) = flu-cos(v)  Hiu,w) = flu)- sin )
Pt CreateMesh(F,G,H,a,b,D,Eﬂ,meshj

Tpadme duamrmmn fx) NoEepxHOCTE BpaSeHMA DpadHEa
£ (%)

r=-2,-19.12

2_-

=
Pucynok 6.3 — @urypa, nosryueHHas BpalleHUeM KpUBOIl.

5.5 MIPUMEHEHUE JJUATPAMM BAVWECA. 3AJIAUM BBIGOPA U
KIIACCHUOUKAIINHN

BaiiecoBckasi kiaccupukanms

ATnbTepHATUBHBIC Ha3BaHUS: 0alleCOBCKOE MOJICIMpPOBaHHE, OalleCOBCKas CTATHCTHKA,
Mmetox OaifecoBckux ceteid. M3HauanbHO OaliecoBckas KiaccH(UKaUs HMCIOJB30BAIACh s
dopmanuzan  3HAHWH OKCIIEPTOB B OKCHEPTHBIX CHCTEMax, ceiuac OaifecoBckas
KJ1accu(uKaIus TakkKe NPUMEHseTCsl B KauecTBe 0JITHOro U3 Meto10B Data Mining.

Tak Ha3piBaeMasi HauBHasl KiaccH(UKalUs WIM HaWBHO-0ailleCOBCKMI moaxona (naive-
bayes approach) sBnsercs HauOosiee MNPOCTBIM BapUAaHTOM METO/A, MCIOJB3YIOIIEro
OaiiecoBckue cetn. [Ipu 3TOM mMOAXOJE pemIaloTCs 3a7add KiIacCU(UKAIUH, Pe3yTbTaToOM
paloThl MeTO/1a SBJISAIOTCS TaK Ha3blBaeMble "Mpo3pauHble” MOJEIH.

"HauBHas" knaccuukamust - JIOCTaTOYHO NPO3pPAuyHbIi M  TOHATHBIA  METOJ
knaccupukanuy. "HauBHOH" OHa Ha3pIBaeTcs MOTOMY, YTO MCXOAMT W3 MPEAINOJIONKEHHUS O
B3alMHOM HE3aBUCUMOCTH MTPU3HAKOB.

CBoiicTBa HAMBHOM KJ1acCHU(DUKAIUU:

- Hcnonb3oBaHKe BceX MEPEMEHHBIX U ONPEEIICHNE BCEX 3aBUCUMOCTEN MEXTy HUMHU.

- Hannume nByx npeanosoxeHuii OTHOCUTEIBHO IEPEMEHHBIX:

- BCE NIEPEMEHHBIE SBJISIOTCS OJJUHAKOBO BaKHBIMU;

- BCE IIEPEMEHHBIC SBISIOTCA CTATUCTUYECKM HE3aBHCHUMBIMH, T.€. 3HAUEHHE OJHOHN
[IEPEMEHHOM HUYEr0 HE TOBOPUT O 3HAYEHUU JPYIOM.

BoNbIIMHCTBO APYrUX METOMOB KJIACCH(PUKALMU MPEANOarawT, YTO Mepesl HayaloMm
KJaccu(UKaIUi BEPOSITHOCTH TOTO, YTO OOBEKT NPUHAUICKUT TOMY WIM HHOMY Kiaccy,
OJIMHAKOBA; HO 3TO HE BCETJa BEPHO.



JlonycTuM, U3BECTHO, YTO ONPEAEIICHHBIN POLEHT NaHHBIX NPUHAIIEKUT KOHKPETHOMY
Kjaccy. Bo3HukaeT Bompoc, MOeM JIM Mbl HCIOJIb30BaTh 3Ty MH(OPMALIHMIO TPU MOCTPOCHUH
Mmojienu knaccupukanuu? CymecTByeT MHOXKECTBO PEaIbHBIX MPUMEPOB MCIOIb30BAHUS ATHX
anpUOPHBIX 3HAHWM, MOMOTrarlmMX KilaccuPUIUpPoBaTh OOBEKTH. THUNUYHBIN MHpUMEp U3
MEIUIMHCKON TMpakTUKU. Eciyu TOKTOp OTHpaBisieT pe3ysibTaThl aHAIW30B MAlUMEHTa Ha
JIOTIOJIHUTENIBHOE HCCIIeI0BAaHUE, OH OTHOCHUT MAaIllMeHTa K KaKOMY-TO ONpEIeIEHHOMY Kiaccy.
Kakum 00pa3oM MOXHO HpPUMEHHTh 3Ty HHpopmauuioo? Mbl MOXEM HCIOJIb30BaTh €€ B
KauyeCTBE JIONOJHUTENbHBIX JAHHBIX MIPHU MOCTPOSHUH KJIACCU(PUKALMOHHON MOJIEIH.

OTMmeyaroT Takue T0CTOMHCTBA OailecOBCKUX ceTel kak MeTona Data Mining:

- B MOJIEJHM OMPEIEINAIOTCS 3aBUCUMOCTH MEXAY BCEMH MEPEMEHHBIMH, 3TO MO3BOJSET
JIeTKO 00pabaThIBaTh CUTYAllMH, B KOTOPBIX 3HAYEHUSI HEKOTOPBIX IEPEMEHHBIX HEU3BECTHBI;

- OaliecoBCKHME CETH JIOCTaTOYHO IMPOCTO HWHTEPIPETHPYIOTCS M MO3BOJIAIOT Ha 3Tare
IIPOrHOCTUYECKOI0 MOJIETTUPOBAHUS JIETKO MPOBOIUTH aHAJIU3 IO CLIEHApHIo "'4To, ecan';

- OalfecoBCKUI METOJ| MO3BOJSET €CTECTBEHHBIM 00pa3oM COBMeEIIAaTh 3aKOHOMEPHOCTH,
BBIBEJICHHBIE U3 JIaHHBIX, U, HAIIPUMEp, SKCIIEPTHBIEC 3HAHHUS, IIOJyUYECHHBIE B SBHOM BUJIE;

- HCIOJIb30BaHUE OalecOBCKUX CeTei MOo3BOJIAeT M30ekaTh MPOOJIEeMbl NepeyynBaHUS
(overfitting), TO ecTh H3OBITOYHOTO YCIOXHEHUS MOJENM, YTO SIBJIsETCA ciIaboi CTOPOHOM
MHOTHX METOJIOB (Hampumep, JepeBbEB pEeIIeHNN U HEMPOHHBIX ceTeil).

HauBHo-06aiiecoBCKU TIOJXO0/1 UMEET CIICAYIONINE HeIOCTATKH:

- MEPEMHOXAaTh YCIOBHbIE BEPOSTHOCTH KOPPEKTHO TOJIBKO TOT/Ia, KOTJa BCE BXOJHBIE
IIEPEMEHHbIE JEHCTBUTEIBHO CTAaTUCTUYECKM HE3aBUCUMBI; XOTS YacTO JaHHBIA METOJ
MOKAa3bIBAET JIOCTATOYHO XOPOILIWE Pe3yJbTaThl NMPU HECOOIIOJEHUHN YCIOBUS CTAaTHUCTUYECKON
HE3aBUCHMOCTH, HO TEOPETHUYECKHU TaKas CUTyallus J0JDKHA oOpadaTbiBaThes Oosiee CIOKHBIMU
METOJIaMH, OCHOBAaHHBIMHU Ha 0OY4YCHUH OAECOBCKUX CETEH;

- HEBO3MOXHA HENOCpeACTBEHHass 00paboTka HEMpephIBHBIX MEPEMEHHBIX - TpedyeTcs
ux npeoOpa3oBaHHe K MHTEPBAJIBHOW IIKaje, 4TOObI aTpuOyThl ObUIM IUCKPETHBIMH; OJHAKO
TaKue NMpeodpa3oBaHMs WHOT/Ia MOTYT IPUBOJUTH K MTOTEPE 3HAYMMBIX 3aKOHOMEPHOCTEH;

- Ha pe3yJabTaT KIacCHU(pUKAUU B HAMBHO-0all€COBCKOM IOAXOJIE€ BIUSAIOT TOJIBKO
WH/IMBUYyaJIbHbIC 3HAYCHUSI BXOHBIX IEPEMEHHBIX, KOMOMHUPOBAHHOE BIMSHUE Map WIN TPOEK
3HaYEHUN pa3HbIX aTpUOYTOB 3/1€Ch HE YUMTBHIBAETCS. DTO MOIVIO OBl YIYyYIIUTh KAayeCTBO
KJIacCU(UKAIMOHHOW MOJIEIM C TOYKHM 3pEHHsl €€ MPOTHO3MPYIOIIEH TOYHOCTH, OJHAKO,
YBEJIMYMIIO OBl KOJIMYECTBO MPOBEPSEMBIX BAPHAHTOB.

BaiiecoBckas knaccuukanus Haluia MUPOKOE MPUMEHEHHE Ha MPaKTHKE.

BaiiecoBckasi puiabTpanus 1Mo CJI0Bam

He Ttax naBHO OaifecoBckas KiaccupuKanus ObUla TpeAsioKeHa s MepCOHATBHON
¢unbTpanuu cnama. Ilepsbiit punbTp 6611 paspadboran [lonem ['paxemom (Paul Graham). [ns
paboThI aIropuT™Ma TpeOyeTCsl BHIIOIHEHUE JIBYX TPEOOBAHHIA.

[lepBoe TpeboBaHue - HeOOXOOUMO, 4YTOOBI Yy KIacCHPUIMPYyeMOro oOBbeKTa
IIPUCYTCTBOBAJIO JIOCTATOYHOE KOJMYECTBO IPU3HAKOB. DTOMY MJICAIBHO YJIOBJIETBOPSIOT BCE
ClloBa IHCEM TMOJb30BaTeNs, 3a MCKIIOYEHHEM COBCEM KOPOTKMX M OY€Hb peaKo
BCTPEYAIOLINXCS.

Bropoe TpeGoBaHue - MOCTOSIHHOE TMepeoOydeHUe M TOMOJHEHUE Habopa 'crmam - He
cnaM". Takue ycioBUS O4EHb XOpOLIO paboTalOT B JIOKAJIBHBIX MOYTOBBIX KIHEHTaX, TaK Kak
NOoTOK "He cmama" y KOHEYHOTO KJIMEHTa JOCTATOYHO MOCTOSIHEH, & €CIM HU3MEHSIETCS, TO He
OBICTPO.

OnHako AJisi BCEX KIMEHTOB CE€pBEpa TOYHO OMNMPENEUTh MOTOK "HE crmama' JOBOJIBHO
CJI0’KHO, TOCKOJIBKY OJHO M TO K€ IUCBMO, SBIISIOLIEECS IS OJHOTO KJIMEHTa CIamoM, s
apyroro crmamoM He sBisiercs. ClioBapb IMOJIy4aeTcs CIHIIKOM OOJIBIIMM, HE CYIIECTBYET
YEeTKOTO pa3fiefieHHus Ha criaM M "He crmaM", B pe3ysbTaTe KayecTBO KJIACCHU(PHKAIKU, B JTaHHOM
cllydae peleHue 3aadu GuibTpaluy MUCceM, 3HAUYUTEITbHO CHUKAETCS.



Metoas! Ki1accuGpUKAUMU U NPOrHO3UPOBaHu. /lepeBbs peleHni

Meton nepeBbeB perieHuit (decision trees) sBIS€TCS OJMHUM W3 HaubOosee MOMYJISPHBIX
METOIOB PELICHHUs 33134 KJIacCU(pUKalUU U porao3upoBanus. Horaa 3ot meto Data Mining
TaK)Ke Ha3bIBAIOT JIEPEBbSIMHU PEIIAIOLINX MIPABUII, I€PEBbIMHU KiaccupuKanuu u perpeccun. Kax
BUJHO W3 TIOCJIEIHEr0 Ha3BaHMsA, IpPU IOMOIIM JAaHHOIO METOJa pELIAITCA 3aJadd
KJIacCU(UKAUU U MPOTHO3UPOBAHUS.

Ecnn 3aBucumasi, T.e. 1eneBas NepeMEHHas NPUHHUMAET IOUCKPETHbIE 3HAYEHHUS, NPHU
MOMOIIN METO/1a JIepeBa pelleHu penaercs 3a/1a4a Kiaccu(uKaluu.

Ecin ke 3aBUCHMas NEpEeMEHHas INPUHUMAET HENPEPHIBHBIE 3HAYEHUS, TO JEPEBO
pelIeHn yCTaHABIMBAEeT 3aBUCHUMOCTh 3TOM MEPEMEHHOW OT HE3aBUCHMBIX NEPEMEHHBIX, T.€.
pelaer 3a7ady YACICHHOIO IPOrHO3UPOBAHMSL.

BrniepBeie nepeBbsi pemieHuit Obutn npeioxensl XoBuieHaoM u Xantom (Hoveland,
Hunt) B xonue 50-x rogoB npouuioro Beka. Camas paHHss U U3BECTHas paboTa XaHTa M Jp., B
KOTOpPOM HW3Jaraercsi CyTh JAepeBbeB pemieHuil - "Oxcnepumentsl B unaykuuu" ("Experiments
inInduction") - Obu1a omyOnukoBaHa B 1966 roxy.

B nambornee mpocToM BHIIE NEPEBO PEIICHU - 3TO CIMOCOO TMPEACTABICHHUS IMpaBUI B
UEepApXUUECKOM, TOCIEI0BATENBHOM CTpyKType. OCHOBA Takol CTPYKTypbl - oTBeTHl "[la" nmm
"Het" Ha psin Bonmpocos.

Ha pucynke 8.1 mpuBeneH npumMep JepeBa pelIeHUH, 3ajada KOTOPOTO - OTBETUTh Ha
Bonpoc: "Urpate nmu B ronbd?" UYToObl pemuTts 3ajady, T.€. MPUHATH pElICeHHUEe, UrpaTh JU B
roib(, ciaeayer OTHECTH TEKYIIYyH CUTYalMi0 K OJAHOMY W3 M3BECTHBIX KJAaccoB (B JaHHOM
ciydae - "urpate" win "He urpate"). [{nst aToro Tpedyercs OTBETUTH Ha Psii BOIIPOCOB, KOTOPHIE
HaXOZATCS B y3JIaX 3TOTO JEPEBA, HAUUHAS C €r0 KOPHSI.

ITepBoiii y3en Hamero aepesa "CosiHeUHO?" SIBISETCS y3JIOM MPOBEPKH, T.€. YCIOBUEM.
IIpy MONOXUTETPHOM OTBETE HAa BOIPOC OCYILECTBIISIETCS IEPEXOA K JIEBOM 4YacTH JEpeBa,
Ha3bIBACMOM JICBOM BETBBIO, TIPU OTPHUIATEIILHOM - K MPABOM YacTHU JepeBa. Takum o0pa3om,
BHYTPEHHUI Yy3€ll JepeBa SBISIETCA y3J0M IIPOBEPKU OIpeAeiaeHHOro ycioBus. [lanee maer
CIIEIYIOIUNA BOMPOC U T.I., MOKAa He OyJeT JOCTUTHYT KOHEYHBIN y3el JiepeBa, SBIISIOLIUNCS
y3J10M pemieHus. s Hamero nepeBa CyIIECTBYET JiBa TMIIAa KOHEUHOro y3na: "urpates" u "He
urpath" B roib.

B pesynbraTe NpOXOXKIACHHS OT KOPHSA JepeBa (MHOTa HAa3bIBAEMOIO KOPHEBOM
BEPIIMHOI) 0 ero BepIIMHBI penraercs 3ajnada Kiaccu(UKaluM, T.e. BHIOMpAETCsl OJUH W3
KJIaccoB - "urpath" U "He urpath" B rosbg.

CoaHeyHO0 7
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Pucynok 8.1 - JlepeBo pemennii "Urpath 1mu B robd?"



Lensro nmocTpoeHust AepeBa pelIeHNs B HALLIEM CiIydae SIBISETCS ONpEACICHUE 3HAUCHUS
KAaTerOpUAIIbHON 3aBUCUMON EPEMEHHOM.

Wrak, a1 Hamiel 3a1a4 OCHOBHBIMU 3JIEMEHTAMM JIEPEBA PEIICHUN SABIISIOTCS:

- Kopensb nepena: "Conneuno?"

- BHyTpennuii y3en nepeBa miM y3en nposepku: "TemmepaTypa Bo3nyxa BbICOKas?",
"Unet nmu moxap?"

- JIuct, KOHEUHBIN y3ei AepeBa, y3ei pelenus win Bepmuza: "Urpars", "He urpats"

- BetBb nepena (cimyuau oreta): "[la", "Het".

B paccMoTpeHHOM npumepe perraercs 3aaada OnHapHOU Kiaccu(UKaluy, T.€. CO34aeTCs
IUXoToMuyeckas KiaccudukanvoHHas wmojenb. llpumep nemoHcTpupyer paloTy Tak
Ha3bIBAEMBIX OMHAPHBIX JIEPEBbHEB.

B y3max OuHapHBIX J1IepeBbEB BETBJICHHE MOKET BECTHCH TOJIBKO B JIBYX HAIllpaBJICHUSX,
T.€. CYLIECTBYET BO3MOXKHOCTh TOJIBKO JIByX OTBETOB Ha IMOCTaBJIeHHBIN Bonpoc ("ma" u "Het").

IHocTpoenne kinaccupuraMOHHON MOJeIH

bunapsbie nepeBbs SBISIOTCA CAMbIM MPOCTBHIM, YACTHBIM CIIy4aeM JEPEBLEB PELICHUI.
B ocranpHBIX ciy4asX, OTBETOB U, COOTBETCTBEHHO, BETBEH JepeBa, BBIXOAAIIUX W3 €ro
BHYTPEHHETO y3J1a, MOKET ObITh OOJIBIIIE IBYX.

PaccmoTpum Gonee crnoxkHbld mpumep. ba3za gaHHBIX, HA OCHOBE KOTOPOH JOKHO
OCYIIECTBIATHCS IMPOTHO3UPOBAHUE, COACPKHUT CIEIYIOIIME PETPOCIEKTUBHBIE JIaHHBIE O
KJIMEHTax OaHKa, SIBJIAIOIINECS ee aTpuOyTaMH: BO3pacT, HAIMYKME HEJBUKUMOCTH, 00pa3oBaHue,
CpeIHEMECSIUHBIN JOXO0, BEPHYI JIM KIMEHT BOBPEMS KpEIuT. 3ajada COCTOUT B TOM, YTOOBI Ha
OCHOBaHHUH MEPEUYUCIICHHBIX BBIIIE JaHHBIX (KpOME MOCJIeIHEero arpulyTa) OnpeaenuTb, CTOUT
JIY BbIIaBaTh KPEIUT HOBOMY KIIUEHTY.

Takas 3ajmada pemiaercs B JBa 3Tala: MOCTPOEHUE KIACCH(PHUKAIMOHHON MOJENU U ee
UCIIOJIb30BaHUE.

Ha stame moctpoeHuss Mojenu, cOOCTBEHHO, U CTPOUTCS JAEpeBO KiaccuUKAMKU WU
co3naercs Habop Hekux mpaBwil. Ha sTame Mcronb30BaHUS MOJAETH MOCTPOCHHOE IEPEeBO, WIH
MyTh OT €ro KOpHS K OAHOM M3 BEpIIMH, SBJSAIONIMICS HAOOPOM MpaBUil JUIsl KOHKPETHOIO
KJIMEHTA, UCIIOJIb3YETCs JIs1 OTBETA Ha MOCTABJICHHBIN Bolipoc "BeinaBate nu kpeaut?"

[IpaBunoMm siBIsETCS JTOrUYeCKas KOHCTPYKIHSA, IIPEACTABICHHAS B BUJIE ""€CIIU...: TO...:".

Ha pucynke 9.2 mpuBeneH mnpumep JAepeBa KiIacCH(PHKalMK, C MOMOIIbIO KOTOPOTO
pemaercs 3agada "BbelmaBaTh M KpeauT kiaueHTy?". OHa SBISETCS TUIHMYHOW 3aadei
KIIacCU(UKAIIUH, U TIPU TIOMOIIU JEPEBbEB PEIICHUH MOMYUYal0T JOCTATOYHO XOPOIIUE BAPUAHTHI

€e PeIICHMS.
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Puc. 9.2. llepeBo pemennii "BeinaBats 1u kpeaur?"

Kak Mbl BUguM, BHYTpeHHHE y37bl JepeBa (BO3pacT, HAIUYUE HEBUKUMOCTHU, JOXOI U
oOpa3oBaHHe) SIBISIOTCA aTpUOyTaMu OMMCAHHOW BBIIE 0a3bl JAaHHBIX. OJTH aTPUOYTHI
Ha3bIBAIOT MPOTHOZUPYIOIKUMH, WK aTpulOyTaMu paciuervienus (splitting attribute). Koneunsie
y37Ibl IEPEBA, WK JIUCTHI, UMEHYIOTCS METKaMU Kjlacca, SIBJISIOIIMMUCS 3HAUCHUSIMH 3aBUCUMOM
KaTeropHaJIbHOM NepeMEHHOM "BbI1aBaTh" WM "HE BBIJABATh' KPEOUT.

Kaxnas BeTBb JepeBa, wuaymas OT BHYTPEHHETrO Yy3jda, OTMEYEHa MpeIuKaToM
pacmieruienus. I[locmeaHuii MOXKET OTHOCHTBCS JIMIIb K OJHOMY aTpuUOyTy pacuieryieHUs
JAHHOTO Yy3/a. XapakTepHas OCOOEHHOCTh TMPEIUKATOB pACHICIUICHUS: KakJaas 3aluch
UCIIONIb3YeT YHHUKAJIbHBIM MyTHOT KOPHS JiepeBa TOJBKO K OJHOMY Y3IIy-pELICHHIO.
O0benuHeHHass HHPoOpMAIHs 00 aTpuOyTax pacHICTUICHUS W MpeauKaTax pacIieryieHUs B y3ie
Ha3bIBaeTCs KpuTepreMm paciuerienus (splitting criterion).

Ha pucynke 9.1 wu300pakeHO OJHO H3 BO3MOXKHBIX JIEPEBBEB pEIICHUH  JUIs
paccmaTtpuBaeMoi 0a3wl maHHbIX. Hampumep, kputepuii pacmerenus "Kakoe obpazoBanue?",
MOT ObI IMETH JIBa TMPENKaTa PACIIEIUICHUs W BBITJISIIETh HHAYe: oOpa3oBaHue "Briciiee" U "He
Boiciiee". Torga nepeBo penieHuit uMeno Obl Ipyroi BUJI.

Taxum obpazom, AJs JaHHOU 3a7auul (Kak U JUIst JIF0OOH IpYroif) MOXKET ObITh MOCTPOEHO
MHOKECTBO JEPEBbEB pELICHUH pazIU4YHOIO KauecTBa, C PAa3IMYHOM MPOTHO3UPYIOLIEH
TOYHOCTBIO.

KauecTBO MmOCTpOEHHOTO JepeBa pelieHHs BechbMa 3aBUCHUT OT MPaBUIBLHOIO BHIOOpA
Kputepus pacuieruienus. Haj pa3paGoTkoit M yCOBEpIIEHCTBOBAaHHEM KpPUTEPUEB DPabOTAIOT
MHOTHE UCCIIEe0BATENH.

MeTton nepeBbeB pelIeHUi YacTo Ha3bIBalOT "HauBHBIM" moaxoaoMm [34]. Ho Gmaromaps
LEeJIOMY pSAY NPEeUMYIECTB, JAaHHBIM METON SBISETCS OAHMM W3 HamOoJjee MOMYJISPHBIX IJIs
pelIeHus 3aaa4 KiacCuuKaInu.

IIpeumyiecTBa 1epeBbeB pelieHHui

WuTynTHBHOCTH JiepeBbeB pemieHui. KiaccudukanuonHass Mozenb, NpeacTaBlIeHHas B
BHJIC JIEpEBA PEILICHUM, SBJISAETCS MHTYUTUBHOW M YNPOLIAET NMOHUMAHWE pPEIIacMOM 3aJadu.
Pesynbrar paboThl alrOpUTMOB KOHCTPYHPOBAHUS JAECPEBHEB PELICHUH, B OTIUYUE, HANPUMED,
OT HEMpPOHHBIX CeTeH, MPEICTABISIOMINUX COOON '"depHble SMIMKHU', JIETKO WHTEPIPETHPYETCS
II0JIB30BATENEM. JTO CBOWCTBO JEPEBbEB DELIEHUII HE TOJIBKO Ba)XXHO IIPH OTHECEHUH K
OTIpEIEICHHOMY KJIacCy HOBOTO OOBEKTa, HO U TMOJIE3HO NpPHU HUHTEPIpPEeTalud MOJEIH
KjJaccupukauy B LenoM. JlepeBo pelieHHi MO3BOJISET TOHATh U OOBSICHUThH, MOYEMY
KOHKPETHBIN 0O0BEKT OTHOCUTCS K TOMY MJIM HHOMY KJIaccy.

JlepeBbsi pelieHuil TaloT BO3MOXKHOCTh H3BJIEKAaTh NpaBWiIa U3 0a3bl JaHHBIX Ha
ecTecTBeHHOM s3bike. [Ipumep npaBuina: Eciin Bo3pact > 35 u Joxon > 200, TO BbIIATh KPEIUT.

JlepeBbsi peleHuit O3BOJISIOT CO3/1aBaTh KIACCU(UKAMOHHBIE MOJIETH B TEX 00JACTAX,
/i€ QaHAJIUTUKY JOCTaTOYHO CJI0XKHO (hOpMaIn30BaTh 3HAHMUSL.

AJNTOpUTM KOHCTPYHMPOBAHHUS JIepeBa peIIeHU He TpeOyeT OT MoJib30BaTels BblOOpa
BXOJIHBIX aTpHOyTOB (HE3aBUCUMBIX MepeMeHHbIX). Ha BXoJ anropuTMa MOKHO IOJIaBaTh BCE
CYLIECTBYIOIME aTpUOyThl, AITOPUTM caM BbIOepeT Hanbojee 3HaYMMbIe Cpelld HUX, U TOJIBKO
OHU OyAYT KCIIOJIb30BaHbI Ul TIOCTPOEHUS JiepeBa. B cpaBHeHuH, Hampumep, ¢ HEHPOHHBIMU
CEeTSMH, 3TO 3HAYMTEIBHO 00JIeryaeT MOJb30BaTENI0 paboTy, MOCKOJIbKY B HEHPOHHBIX CETAX
BbIOODP KOJIMUECTBA BXOJHBIX aTpUOYTOB CYIIECTBEHHO BIMSIET HA BpeMsl 00yUEeHHUS.

To4HOCTE MOJENEN, CO3MaHHBIX IIPU IIOMOIIU JEPEBLEB PEILICHUH, CONOCTaBUMa C
OPYTMMHU METOJaMHU TOCTPOEHUS KiIacCU(UKAIIMOHHBIX MoJienei (CTaTUCTUYECKHE METO/BbI,
HEHpPOHHBIE CETH).

Pa3zpaboran psan macmrabupyembIX aJrOpUTMOB, KOTOpPbIE MOTYT OBITh HCIIOJIb30BAHBI
IUI TIOCTPOEHUS JIEPEBBbEB DPELICHHS Ha CBEpPXOONbIIMX 0a3ax NaHHBIX; MacIITaOUPyeMOCTb
3/IeCh O3HA4YaeT, 4YTO C POCTOM 4YHCIa MNPUMEPOB WM 3amnuced 0a3bl JAHHBIX BpeMms,



3aTpayrBaeMoe Ha O00ydeHHue, T.e. IOCTPOCHUE JIEPEBbEB PELICHUH, pacTeT JnHeHo. [Tpumepsl
takux anroputmon: SLIQ, SPRINT.

Broictpriii mponiecc oOydenus. Ha mocTtpoeHue KiIacCU(PHUKAIMOHHBIX MOJAEIEH IpH
MOMOIUIN aJTOPUTMOB KOHCTPYHUPOBAHMSI JIEPEBHEB pEHICHUN TpeOyeTcs 3HaYUTENbHO MEHbIIE
BpPEMEHH, YeM, Harpumep, Ha 00yueHHe HEMPOHHBIX ceTeil.

BonbIIMHCTBO anropUTMOB KOHCTPYHPOBAHUS JACPEBbEB PEIICHUN UMEIOT BO3MOXKHOCTD
crielMaIbHOW 00pabOTKU MPOMYIIIEHHBIX 3HAUYCHHH.

MHorue Kiaccu4eckhe CTaTUCTUYECKHUE METOMbI, MPH IMOMOIIM KOTOPBIX PpEeLIaroTCs
3aJau KJIAcCU(UKAIMK, MOTYT padoTaTh TOJNBKO C YMCIOBBIMH JAHHBIMU, B TO BpeMs Kak
JIepeBbsl pelIeHni paboTalOT U C YUCIOBBIMH, U C KATETOPHATbHBIMH TUIIAMU JAHHBIX.

MHorue CcTaTUCTHMYECKHE METOABl SABIAIOTCS NapaMETPUYECKUMH, U I0JIb30BaTEb
JIOJDKEH 3apaHee BiaJleTh onpezesieHHOW HHpopmanuel, HanpuMep, 3HaTh BUJ MOJENIH, UMETh
TUIIOTE3y O BUAE 3aBUCUMOCTH MEXIy IE€PEMEHHBIMH, MpEAnosaraT, Kakod BUJ
pacnpeziesieHuss UMEIOT JaHHble. JlepeBbsl pelieHui, B OTIMYME OT TaKUX METO/OB, CTPOST
HermapaMeTpuyeckue Mojaeiau. Takum o0pa3oM, AepeBbsl pEIIeHHH CIIOCOOHBI pemaTh Takue
3agaun Data Mining, B KOTOPBIX OTCYTCTBYET anmpuoOpHas HH(OpManus O BUAE 3aBUCHUMOCTH
MEXJ1y UCCIEAYEMBIMH JaHHBIMU.

[Tpouiecc KOHCTPYHUPOBAHUS IepeBa pelIeHN

Hanomuum, 4to paccmatpuBaeMasi HaMH 3aJaua KiIacCU(UKAIMM OTHOCUTCS K CTpaTeTuu
oOydeHusl ¢ yyuTeseM, HHOTJa Ha3bIBAaeMOro MHAYKTHBHBIM 00ydeHueM. B 3Tux cimyuasx Bce
00BEKTHI TPEHUPOBOYHOTO HaOOpa TaHHBIX 3apaHee OTHECEHBI K OJHOMY U3 MPEIOoIpeeIeHHbIX
KJIaCCOB.

ANTOpUTMBI KOHCTPYUPOBAHHUS JAECPEBbEB PEIIEHUN COCTOAT W3 ATANOB 'TIOCTpOEHHE"
umn " co3manme " gepeBa (tree building) m "cokpamenue " nepeBa (tree pruning). B xome
CO3JIaHMs JiepeBa pelIaloTcsi BOMPOCH! BEIOOpA KPUTEPHUs PACIEIUICHUs] U OCTAHOBKU OOY4YEeHHUs
(ecnu 3TO MpeayCMOTPEHO anropuTMoM). B xoze sTama cokpailieHusi epeBa pemaeTcsi BOIpoc
OTCEYEHMsI HEKOTOPBIX €r0 BETBEH.

PaccmoTpum 311 BOonpoch! OJIPOOHEH.

Kpurepnii pacuernienns

[Tpouecc co3manusi JepeBa MPOUCXOAUT CBEPXY BHU3, T.€. SBISETCS HUCXOASAIIMM. B
XOJ€ Tpolecca AJIrOPpUTM JAOJDKEH HAWTH TaKOMKPUTEPHM pacUICIUIEHUs, WHOTAA TaKXKe
Ha3bIBAEMBbI KpUTEpHEM pa30HeHUs, 4ToObl pa3dUTh MHOXKECTBO Ha MOJIMHOKECTBA, KOTOpHIE
Obl acCOLMUPOBAINCH C JIAHHBIM Y3JIOM MNpoBepkH. Kaxplil y3en MpoBEpKH JOJKEH OBbITh
MoMeueH omnpeaeneHHbIM aTpulOyTtoMm. CyliecTByeTnpaBuiIo BbIOOpa aTpulOyTa: OH JOJKEH
pa3duBaTh MCXOJHOE MHOXXECTBO JAHHBIX TaKMM O0pa3oM, YTOOBI OOBEKTHI IMOJMHOMKECTB,
MOJTy4aeMbIX B pe3ysibTaTe 3TOr0 pa3OueHusi, SBISUINCH MPEICTABUTEISIMU OJHOTO Kilacca WU
e OBLTM MaKCHMaJbHO NPUONMKEHBI K TakoMy pa3zouenuto. [locaenusas ¢pas3a ozHavaeT, uyTo
KOJIMYECTBO OOBEKTOB M3 JIPYTHMX KIJIACCOB, TaK HAa3bIBAEMBIX 'TIpuMecei", B KaKIIOM Kiacce
JOJDKHO CTPEMUTHCS K MUHUMYMY .

CymiecTBYIOT pas3luyHble KpUTEepUM paciieruieHus. Haumbonee wu3BecTHhle - Mepa
SHTpoNHH U uHACKC Gini.

B HekoToprix Meromax s BbIOOpa aTpuOyTa paclIEIUIEHUs HCIOJB3YEeTCsl TakK
Ha3bplBaeMasi Mepa MH()OPMATHUBHOCTH MOANPOCTPAHCTB aTpUOYTOB, KOTOpasi OCHOBBIBAETCS Ha
SHTPONUIHOM IMOJAXO0JI€ W H3BECTHA IOJ Ha3BaHUEM '"Mepa WH(GOPMALMOHHOTO BbIUTpHIMIA"
(information gain measure) Wiu Mepa SHTPOIUH.



6. YAEBHO-METOJUYECKOE U HTHOOPMAILIMOHHOE OBECIIEYEHUE
JUCLMIIINHBI

6.1. IlepeyeHb OCHOBHOI U 1OTOJHUTEJIBbHOM JTUTEPATYPHI, HEOOXOAUMOI IS
OCBOCHUA JUCHUIIIMHBI

6.1.1. IlepeyeHb OCHOBHOI JINTEPATYPbI

l. byiinaueB, C.K. IlpuMeHeHHe 4YHCIEHHBIX METOJAOB B  MaTE€MaTUYECKOM
MojenupoBanuu : ydeOHoe mocobue / C.K. ByitHaueB ; MunucTepcTBO 00pa3oBaHUS U
Hayku Poccuiickoit ®enepanuu, Ypanbckuil QenepanbHblii yHHUBEPCUTET HMMEHH IEPBOTO
IIpesunenta Poccum b. H. Enpumna ; Hayw. pen. HO.B. Ilecun. - EkarepunOypr
WznarensctBo Ypanbckoro yuusepcutera, 2014. - 72 c. : wi. - bubnuorp. B kH. - ISBN 978-5-
7996-1197-2; To wxe [DnektpoHHblii pecypc]. - URL: http://biblioclub.ru/index.php?
page=book&id=275957.

2. Kpaxorkuna E.B. YucneHHble METO/IbI B HAYUHBIX pacyeTax [DJIeKTpOHHBIN pecypc] :
yueOHoe mocobue. Kypc nexnuit / E.B. KpaxoTrkuna. — DneKTpoH. TEKCTOBBIE JaHHbIE. —
CraBpononb: CeBepo-KaBkasckuii Qenepanbubiii  yHusepcuter, 2015. — 162 c. — 2227-
8397. — Pexxum nmoctyma: http://www.iprbookshop.ru/62884.html.

6.1.2. IlepeyeHb JONOTHUTEIBLHOM JIUTEPATYPbI

1. BuuyroBa A.A. UHcTpyMeHTalIbHBIE CpeACTBA pa3pabOTKU KOMIBIOTEPHBIX CHCTEM U
KOMILJIEKCOB [DNeKTpoHHbIN pecypc]: yueOHoe mocobue / A.A. BuuyroBa. — DJEKTpOH.
TekcToBble nanHbie. — CapatoB: [IpodobpazoBanue, 2017. — 135 c. — 978-5-4488-0015-3. —
Pexum noctyna: http:// www.iprbookshop.ru/66387.html.

2 Uxnsip, M. ®@. OcHOBBI Hay4YHBIX HccienoBanuil: yue6. mocodbue / M.@. llxisp. - 6-e
u3a. - M. : Jlamkos u Ko, 2017. - 208 c. - [Tpuin.: c. 197-206.

6.2. IlepeyeHb y4eOHO-METOAUYECKOTO 00ecTiedeHHsI CAMOCTOSITE/ILHOI PadoThI
00y4YaOIIMXCS M0 TUCHUIJIMHE

1. Metoandeckue yKa3aHHs IO BBITIOJHCHUIO JTAOOPATOPHBIX PabOT MO JHUCIMIUIAHE
«HCTpyMEHTANIbHBIE CPENICTBA B UHKEHEPHBIX pacueTax».

2. Meroanyeckne peKOMEHAAUUU ISl CTYAEHTOB IO OPTraHU3aIlMU CaMOCTOSITEIbHOM
paboTsl o guctumnHe « THCTpyMEHTaNbHbBIE CPEACTBA B MHKEHEPHBIX pacueTaxy.

6.3. [lepeuenb pecypcoB HHPOPMANMOHHO-TEJIEKOMMYHUKAIMOHHOM CeTH
HNHuTepHeT, HEOOXOAUMBIX VIS OCBOCHHS TUCHUIIIHHBI

1. Harmonansubiit OTKpBITHIM YHUBEpcuteT. MHTYUT. http://www.intuit.ru.
2. ®enepanbHeblii noptan «Poccuiickoe oOpasoBanue. http://www.edu.ru.

3. Poccuiickas rocymapctBennas oubauoreka. http:// www.rsl.ru.

4. Pecypc o MaTeMaTn4eckoMy MoJienupoBanuio. Exponenta.ru.
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